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ABSTRACT
The effect of canning and storage on the folate 
content of cowpeas (blackeyed peas), okra (var. Texas Baby), 
and tomatoes (var. Pelican) was assayed using Lactobacillus 
casei 7469 as a test organism. Three sets of nine307x409 
cans of each product were processed, one set used as a 
control, the others containing 1 and 2 mg ascorbic acid per 
ml of canning liquor. L .casei assays were also performed 
to estimate the folate content of additional products, 
including: endive; peanut butter; cauliflower; bananas;
carrots; yellow onions; pineapple; lemon; bell pepper; and 
red plums.
Canning reduced the folate content of samples by the 
following amounts: cowpeas, 46.39$ for the control, 46.51
and 38.4755 for samples treated with 1 and 2 mg/ml ascorbic 
acid,respectively; okra, 44.8855 for the control, 43.13 and 
40.60/5 for the ones treated with 1 and 2 mg/ml ascorbic acid; 
and tomatoes, 57-02 for the control and 49*53 and 47.22$ 
for samples treated with 1 and 2 mg/ml ascorbic acid, 
respectively.
Storage of the control and 1 and 2 mg/ml ascorbic acid 
treated cowpeas caused a decline in their folate levels 
during the first 59 days. At the end of this period the 
losses for the three groups were 75-03, 68.66 and 76.76$, 
respectively. For all three groups of cowpeas no appreciable
xi
losses occured during the remainder of the 158-day period. 
Polate losses due to processing and storage were 78.84% 
for the control, 77.19% for 1 mg, and 75.06% for 2 mg/ml 
ascorbic acid treated cowpeas. Storage appreciably reduced 
only the folate content of control okra. After 79 days of 
storage, the folate lost was 66.28%, with no additional 
losses occuring during the remainder of the 158-day period. 
Assays of okra treated with 1 and 2 mg/ml ascorbic acid 
did not reveal folate destruction during storage. Combined 
losses due to processing and storage were 72.33% for the 
control, 48.15 % for 1 mg, and 41.98% for 2 mg/ml ascorbic 
acid treated okra. One hundred and fifty eight-day storage 
did not alter the folate of tomatoes in either the control 
or in 1 mg, and 2 mg/ml ascorbic acid treated samples. 
Combined losses due to processing and storage were 60.62% 
for the control and 45.79 and 42.46%,respectively,for 1- and 
2 mg/ml ascorbic acid treated samples.
The folate content, in ug/100 g wet weight, of the 
other products assayed were as follows: endive 200.45;
peanut butter 142.16; cauliflower 70.64; bananas 39*13; 
carrots 24.62; yellow onions 12.95; pineapple 10.37; lemon 
7.37; bell pepper 5-67; and red plums 2.96.
xii
INTRODUCTION
Despite the vast amount of basic nutritional research 
carried out on the vitamin content of foods since the begin­
ning of this century, our knowledge of the folate content 
of foods is far from complete. Handbooks on the nutritive 
value of foods, published as recently as 1975* do not include 
folate contents. Nationwide and regional nutritional surveys 
have shown many anemias to be folate related. In addition 
to the deficient diet, pregnancy, the use of birth control 
pills, and anticonvulsant drugs tend to precipitate folate 
deficiency (AMA, 197^; Anon.,197^a).
The importance of the nutritional significance of this 
vitamin is reflected by food analyses where much attention 
Is devoted to the study of folates, to the collection of 
data on the folate content of foods, and to requirements 
in individuals or separate population groups.
The term folate includes several derivatives and con­
jugated forms of folic acid, a fact that creates problems 
in analysis, since these compounds are likely to be present 
in different concentrations in various foodstuffs, to have 
different stability in the presence of other compounds and 
with storage time, and different bioavailabilities. The 
assay organism most closely reflecting human requirements 
is Lactobacillus casei ATCC7469j and is widely used today.
The best chemical method for assessing folate content of
2foods is a fluorometric method, though it is not used as 
extensively as L .casei bioassays.
Recent regulations on labeling the nutritional content 
of processed foods make folate determinations more impor­
tant. The quantity of nutrients claimed on the label must 
eventually represent the actual content of these nutrients 
at a given time. Losses during processing are very common 
among many vitamins. Thus, further research should be 
directed towards estimating these losses. The fact that 
most processed foods are consumed months or even years after 
processing implies that a certain amount of the food folates 
might have been lost during these long storage periods.
Since ideal food processing and storage periods, factors 
which lead to increased folate retention are not always 
practical, preservatives such as ascorbic acid may be uti­
lized for the same purpose.
Absorbic acid has long been recognized as a chemical 
protector of folates in both bioassay and in nature. How­
ever, because of a shortage of data pertaining to specific 
southern vegetables, ascorbic acid was employed in the pro­
cessing of three vegetables, cowpeas (blackeyed peas), okra, 
and tomatoes to study its effect on folate retention during 
canning and subsequent 158-day storage.
REVIEW OF LITERATURE
Historical Aspects
The nutritional significance of folic acid as a vitamin 
was first shown in the early 1930's when Wills reported 
that autolyzed extracts of yeast or liver (referred to as 
Wills Factor) were effective in treating macrocytic anemia. 
During the same decade, an unidentified factor in yeast, 
alfalfa and wheat bran was shown to promote growth of chicks 
maintained on purified diets. Also, liver, yeast and 
spinach were found to contain essential nutrients for 
lactic acid bacteria. In each Instance these factors 
were given different names, including Factor U, vitamin M, 
vitamin Be, Lactobacillus casei factor, and citrovorum 
factor (Pike and Brown, 1975; Blakley, 1969).
Purification of these substances revealed a pteridine 
group, p-aminobenzoic acid, and one or more glutamic acid 
residues. The scientific name given to the group of com­
pounds was pteroylglutamic acid. The prefix "ptero" comes 
from the Greek word which means wing, and refers to the 
pteridine, bicyclic nitrogenous ring (pyrimido [4,5-b!] - 
pyrazine), which was isolated simultaneously from butterfly 
wings. The name "folic acid" was proposed by both Mitchell 
and Williams for the compound isolated from spinach leaves, 
the term being derived from the Latin word for leaf.
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H_ N
Nv. 8d
f  4 a  N
V .
Pterid ine
Glutamic
Acid
Residues
9 10
c h 2 -  NH 7  \N
C 0 0 H
0  (CH r>)Z
II l 2
C - N H - C H - COOH
p - Aminobenzoic acid
v---
P te ro ic  acid
G lutam ic  acid
Figure 1. Structure of Folic Acid
The numbering of the pteridine nucleus was proposed by Kuhn 
and Cook in 1937 (Blakley, 1969). Numbering of the 9*^ and 
10 atoms was necessary to assist the naming of all deri­
vatives of the vitamin. Enzymatic reduction of folic acid 
leads to formation of tetrahydrofolic acid (THFA) which 
is the biologically active form of the vitamin. Acting as 
a carrier for single carbon atom groups, THFA can be found 
in the following forms in biological materials: N^-formyl
THFA; N5,10 -methenyl THFA; N5 -formyl THFA; N5’10 -methylene 
THFA; -formimino THFA; and diglutamate THFA. The partially 
reduced derivative was also found in the form of -formyl
DHFA.
Folic acid "conjugates" is the generic term for folate
5COOH
0  (C H 2)2
ii i
C - N H -  C H - C O O H
Figure 2. Structure of THFA
derivatives containing various amounts of glutamate residues 
linked by peptide bonds. These conjugates are also called 
polyglutamates.
Forty years after its isolation, the vitamin cannot 
be completely defined under the present system of nomencla­
ture. In the present work, the generic name "folate(s)M 
will be applied to all derivatives of folic acid, and the 
name "folic acid" will be used only for pure pteroylglutamic 
acid.
Folate Formation
Isotopic research dealing with the formation of 
pteridines showed that ribose provides carbons 6 and 7 of 
the pyrazine ring of drosopterin, isoxanthopterin, and sepiap- 
terin (Mitsuda and Suzuki, 1968). Other work with
6leucopterin showed that the utilised sugar carbons were 
from positions 1 and 2 of the ribose. These observations 
together with results of other labelling work led to the 
proposal of a pathway for pteridine biosynthesis in the 
butterfly. This pathway consists of the following steps and 
is shown in Figure 3:
a. cleavage of the imidazole portion of a guanosine 
nucleotide with removal of carbon 8;
b. Amadori rearrangement of the ribose residue; and
c. cyclization of the formed compound.
The last compound serves as a direct source for 
xanthopterin. The synthesis of DHFA from guanosine com­
pounds has been demonstrated using E.coll and the incorpora­
tion of ribose into folates has been observed in Corynebac- 
terium. It was suggested, therefore, that the pathway for 
pteridine synthesis be applied to folate synthesis. This 
is a hypothetical step, since none of the intermediates has 
ever been isolated and structurally characterized as enzyma­
tic products of the guanosine nucleotides. To elucidate 
this pathway a different approach was proposed by Mitsuda 
and Suzuki (1968), who used known inhibitors. Antagonistic 
effects of one of the inhibitors caused a reduced yield of 
dihydropteroic acid from guanosine monophosphate.
The proposed pathway of folic acid formation in plants, 
according to Iwai et al. (1968), is shown in Figure 4.
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Figure 3. The Biosynthesis of the Pteridine Compounds
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Figure 4. Pathway of DHFA and THFA in Plants
9The responsible enzyme* dihydropteroate synthetase*
was partially purified and isolated by Iwai and 
Okinaka (1968) from pea seedlings.
This enzyme, which catalyzes reaction B (Pig. 4) has 
been found in preparations from Veillonella strain > 
Lactobacillus plantarum* Butyribacterium rettgeri* Fusaro- 
bacterium fusiforme, S .coll, in extracts of Pneumonococcus 
and in other microorganisms. Distribution of the enzyme in 
plant products has also been found (Okinaka and Iwai* 1970).
Table 1. Distribution of Dihydropteroate 
Synthetase in Plant Tissues
Plant_____________ Tissue______ Enzyme Activity Sp . Activity
(xl0~3) units mg. prot<
(xlO"3)
Chinese cabbage Leaf 144 21.1
Cabbage Leaf 30 6.7
Radish Leaf 873 25-4
Spinach Leaf 238 4.5
Petiole 0.0 0.0
Root 77 2.1
Pea seedlings
(two-day old cotyledon) 64 2.2
(shoot and root) 81 7-7
Soybean seedlings
(two-day old cotyledon) 682 240
(shoot and root) 175 10.3
The dihydropteroate synthetase which was isolated by
Okinaka and Iwai (1970), showed specificity in only three 0:
ten pteridine derivatives.
Reduction of DHFA to THFA is accomplished by
10
dihydrofolate reductase (5»6,7,8-tetrahydrofolate:NADP 
oxidoreductase).
The same enzyme catalyzes, at a lower rate, the reaction:
Folic acid + 2 NADPH + 2H+ ------ * THFA + 2 NADP+
Several reports on the metabolic interrelationship 
between biotin and folic acid confirmed that biotin in­
fluences tissue folate synthesis. In E.coli, biotin caused 
a redistribution of intracellular folate derivatives favor­
ing accumulation of unconjugated methyl THFA's at the expense 
of conjugated formyl THFA's (Nair and Noronha, 197^ a).
The same effect was caused by biotin in rats, where it in­
fluenced the conversion of conjugated folate derivatives to 
unconjugated ones, while total folate levels remained un­
altered (Nair and Noronha,1974 b).
Inhibitors - of Folate Biosynthesis
The group of compounds which causes Inhibition of folate 
synthesis can be classified In the following manner.
a. Sulfonamides. These reagents inhibit the direct 
formation of dihydropteroic acid through coupling the pyro- 
phosphorylated compound 2-amino-4~hydroxy-6-hydroxymethyl 
dihydropteridine before it reacts with p-aminobenzoic acid.
b. Folate analogs. These compounds compete with the 
substrate, presumably attacking the pyrophosphorylation step.
c. Derivatives of 2,4-diaminopteridine. These form 
complexes with dihydrofolate reductase. These complexes
11
have very low apparent dissociation constants, and can act 
on three regions of the enzyme; the p-aminobenzoylglutamate 
binding area; the pyrimidine binding area; and the hydrophobic 
binding area.
Inhibitors of dihydrofolate reductase can act on the 
de novo synthesis of DNA in psoriatic epidermis. Folate 
antagonists such as aminopterin and methotrexate can be used 
for the treatment of psoriasis (McCullough, et al., 1977)*
When folate antagonists are used for the treatment of various 
diseases, metabolic folate requirements for the patients in­
crease (Henderson, 1969)•
Interconversion of Folate Derivatives
Folate metabolism requires several forms of the active
coensyme, THFA. The interconversions of these compounds is
shown in the following general scheme in Figure 5-
The enzymes involved in these interconversions are
5 10the following: methylene-THFA dehydrogenase, I'r ’ -methenyl
THFA, 5-hydrolase isolated from both bacteria and vertebrates,
N -formimino THFA cyclodeaminase in bacteria, and hog and
5 10rabbit livers, N * -methylene THFA reductase in bacteria and
5
liver of many vertebrates, N -formyl THFA cyclodehydrase in
 ^ 10
bacteria and sheep liver, N -formyl THFA: N -formyl THFA
mutase in chicken liver, N-formyl-L-glutamate: tetrahydrofolate
5 10N -formyl transferase in hog and rat livers, N -formyl THFA
synthetase (formate: THFA ligase (ADP)) in bacteria, fungi,
12
choline— sorcosine — betaine
HCHO + THFA
TH F A
Big-coenzyme methionine
Homocysteine+N-methyl THFA
NADH
HCO O H+THFA N ^ -m e th e n y !  T H FA -— N^’^methyleneTHFA--*-Hydroxymethyl
nh3 nad*
10
N -formyl THFA N -form im ino THFA
i
PL P
cytocine, Thymine
■ Glycine
I \ r - fo rm y l  THFA formiminoglycine+THFA
Glutamate
THFA+ N ■ formylglutamate
THFA +  Serine
■ Glutamate
formiminoglutamate 4-THFA
Histidine — *-urocanic  acid
Figure 5. Interconversion of Folate Derivatives 
(Adopted from Pike and Brown, 1975, and Blakely, 19&9)
plants, invertebrates, and vertebrates, N10 -formyl THFA 
amidohydrolase, N10 -formyl THFA: NADP oxidoreductase and
trimethylsulphonium: THFA methyltransferase.
Chemical and Physical Properties of Folic Acid
Folic acid is a yellow, tasteless, odorless, crystalline 
compound having M.W. ^ 1 . 2  and B.P. 250°C. It has a charac­
teristic absorption spectrum (Marks, 1975)- It is degraded 
by elevated temperatures, acid environment-pH below 5 
(DeRitter, 1977), oxidants, and light (Kutsky, 1973,Burton 
et al., 1970). Sunlight in the presence of riboflavin also 
has deleterious effects on the vitamin. Folic acid is stable
13
in alkali, water, and reducing agents. It’s water solu­
bility is slight (0.Olmg/ml).
Methods of Analysis 
General
In order to evaluate folate activity in biological 
and other material, several methods are employed. In assay­
ing the vitamin in pure or pharmaceutical preparations,chemi­
cal methods are mostly used. biological materials, however,
complicated microbiological or fluorometric techniques are 
more common. Although the systematic methodology is exten­
sively reported in the literature (Stepanova et al., 1975)s 
only a few reports give precise information,and most utilize 
a modified version of the original method.
Colorimetric Method.
Used for pure preparations, the folate concentration 
must be approximately 0.1 mg/ml. This method is not suit­
able for food or biological materials (Stepanova et al.,
1975)- Standard samples of folic acid are prepared and 
these dilutions are compared with the samples spectophoto- 
metrically.
Chemical Method
This is based on the reduction of folates at acid pH.
The product of cleavage is p-aminobenzoylglutamate and
mmethylpteridine. This method also is not suitable for natural 
materials, since results are undependable in concentrations 
over 5-20 ug (Blakley, 1969).
Chromatographic Method
For the determination of derivatives, all types of 
chromatography can be used; column, paper and thin layer; 
the latter being used extensively for the separation and 
quantitative determination of folic acid derivatives 
(Stepanova et al., 1975).
Combination of chromatographic procedures with the 
flurometric method can provide precise analyses in food 
and biological materials and may reduce the time required 
from four days to a few hours (Grigoreva et al., 1969).
Animal Assays
In order to estimate the utilization of any folate 
derivative by animals or man, administration of the folate 
derivative is usually required. Animal assays use chickens, 
monkeys, guinea pigs, rats and dogs. They are not sensitive 
enough to determine the total folate activity of foods, but 
they are useful in determining the utilizable folate activity 
of foods in a particular organism. They are also very 
valuable when measuring the utilization of certain folate 
derivatives by specific organisms (Blakley, 1969).
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Enzymatic Method
This method is applied when identification of folate 
derivatives is sought. The enzymes used are those which 
catalyze the interconversion of folate derivatives. The 
rate of the reaction of the sample material is measured 
against the known rate of reaction of the substrate 
(Blakley, 1969).
Fluorometric Methods
These are more sensitive than colorimetric methods, 
but the sample must first be cleaned to avoid interference 
by other fluorescings compounds. Other than folates, 
compounds which render fluorescence in biological materials 
are xanthopterin, tyrosine, and tryptophan.
Grigor’eva et a l . (1969) reported a detailed descrip­
tion of a fluorometric method for food materials and 
Popova and Kovacheva (1972) and Stepanova et al. (197*0 
discussed techniques to eliminate interfering fluorescent 
substances.
Microbiological Methods
Despite the proven sensitivity of the fluorometric 
methods, microbiological assays are believed to possess 
equal sensitivity and accuracy. Most of the work today 
dealing with folate activity in foods and biological tissues 
is carried out with microbiological.assays. These
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microbiological methods had their origin with the isola­
tion and identification of Lactobacillus casei factor in 
1940,and subsequent studies which demonstrated folic acid 
as the nutrient required by Streptococcus lactis R (Teply 
and Elvehjem, 1945). Since that pioneering period., 
microbiological assays have gained widespread acceptance.
Table 2. Response of L .casei and S .faecalis 
to Folate Derivatives
Derivative L.casei S .faecalis
Reduced folic acid 
(except N -methyl)
+ +
Folic acid + +
Folic acid (DiGlutamate) + +
N 5-Methyl DHFA + -
N5-Methyl THFA + -
Folic Acid(TriGlutamate) + -
Pteroic acid - +
(Blakley, 19&9)
In all of these methods, folate activity is measured 
with the help of various bacteria, yeasts and fungi. 'Most 
utilize three test organisms: Lactobacillus casei ATCC
7469, Streptococcus faecalis ATCC 8043, and Fediococcus 
cerevisiae ATCC 8081. Of these, only the first and second 
are widely used today. It is generally agreed that 
L .casei reponds to folate derivatives in a manner more 
closely to man than S.faecalis (Keagy et al., 1975).
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Streptococcus faecalis does not respond to methyl folate, 
which is utilised by man, and responds to pteroates, 
which are not utilised by man. This organism thus has 
obvious drawbacks.
The responses between the two species, i.e., L.casei 
and S.faecalis are shown in Table 2. The latter organism 
does not respond to N^-methyl DHFA, N^-THFA as well as 
to triglutamates.
Table 3. Comparison Data Using L .casei and 
S .faecalis as Test Organisms
Total folate activity mg%
Product L.casei S.faecalis
Cheese (40% fat) 0.003 - 0.05 0.043 - 0.06
Georgian tea 0.100 - 0.20 0.20 - 0.30
Fresh beef liver 0.195 - 0.20 0.380
Same liver after 
1-3 days cold storage 0.070 - 0.13 0.310
Same liver after 
1-3 days frozen 0.120 - 0.180 0.267
(Stepanova et al., 1972)
The higher values found when S.faecalis is used as 
a test organism are indicated in Table 3- This is presumably
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due to the content of pteroates which are utilised by the 
microorganism.
Methods of Estimating the Nutritional Status of the Man
Various methods are used today in order to evaluate 
the nutritional status of man with respect to folate. 
Megaloblastic anemia responding to physiological doses of 
folic acid, is one such method. However, since megaloblastic 
anemia is a very advanced symptom of deficiency, it is of 
little use in determining early stages of avitaminosis.
Serum folate activity, as measured by L.casei 7^69 
can be considered an accurate measure of nutritional status 
in man with respect to folate (Herbert et al., 1961).
Many recent nutritional surveys are based on this method.
Probably the most sensitive method of detecting 
folate deficiency is based on the rapid plasma clearance of 
folate after injection of small doses (Yoshino, 1968a).
This method, however is very tedious for regular practice, 
and involves microbial assay. Yoshino (1968a) therefore 
proposed a quick and simple labeling method, which uses 
tritiated folic acid. Tritiated folic acid is administered 
to the subjects and its clearance is measured. The 
clearance in patients with aplastic anemia was reported 
to be extremely high. The method requires a constant source 
of radioisotopes as well as equipment to detect the 
radioisotopes.
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One of the most promising methods in detecting 
early stages of folate deficiency is the measurement of 
formiminoglutamic acid. The degradation of histidine to 
glutamic acid proceeds via two relatively stable intermediate 
compounds, urocanic acid and formiminoglutamic acid (FIGLU). 
THFA is required for the conversion of FIGLU to glutamic 
acid .and any interference with the THFA coenzyme, as could 
be the case with vitamin deficiency, results in the accu­
mulation of histidine derivatives (Ishihara, 1969)j with 
subsequent excretion through the urine. Quantitative deter­
mination of these derivatives can be a reliable evidence of 
folate nutritional status in addition to tracing folate 
deficiency in diseases not directly related to such defi­
ciency .
Thus in pernicious anemia, the excretion of FIGLU was 
116 and ^51 mg/day; and in Hodgkin's disease, 162 to 445 
mg/day. In postgastrectomy, 4 out of 6 patients presented 
excessive excretion, the same occurred In 2 of 4 patients 
with iron deficiency anemia and 1 of 2 patients with 
hemolytic anemias.
The method seems very simple, since the loading of the 
subject with histidine can be done relatively easily as 
well the FIGLU estimation in the urine. In interpreting 
results, guesswork Is eliminated as Is the case with earlier 
tests using hemoglobin levels, whole blood or serum sampling. 
Also, in diseases where the hematopoiesis was normal, were
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found excessive amounts of urinary FIGLU. This further 
strengthens the assumption that megaloblastosis is a result 
of prolonged and extreme folate deficiency. Other diseases 
where extreme FIGLU excretion takes place are: thyrotoxi­
cosis, congestive cardiac failure, intestinal malabsorption, 
skin disorders, hepatic chirrosis and various neoplastic 
diseases.
Folate Absorption
The mechanism of folate absorption has not been 
completely elucidated. In experiments with tritiated folic 
acid ( % - folic acid) using experimental rats, it was found 
that 40.5$ of the vitamin was absorbed in the first 30 
minutes (Yoshino 1968 c ). Orally administered folic acid 
was absorbed rapidly and almost completely. The site of 
absorption seemed to be mainly the jejunum. The lower intes­
tine did not appear to play any significant role In absorp­
tion under these experimental conditions.
The mechanism of absorption might Involve an active 
transport. When tritiated folic acid was administered,
36 to 48$ was excreted in the urine and 4.5 to 33.4$ in the 
feces (Yoshino 1968 b ). In normal subjects, 50$ of the 
absorbed dose was excreted in the urine within 24 hours.
Naturally-occuring folates, however, are mostly in the 
form of polyglutamates, while the circulating form of the 
vitamin in the mammalian body is the mono- and diglutamate
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pteroylglutamic acid (Anon, ,1972). In animal tissues 
the folate forms are rather numerous (Anon.,1974). In order 
for the polyglutamates to be absorbed, they must be subjected 
to deconjugation as reported by Anonymous (1972).
Conjugated folates could not be detected in the serum follow­
ing their oral administration. The enzyme concerned with 
the deconjugation of polyglutamates is called conjugase. 
Besides the intestine, conjugases exist in the blood plasma, 
folic acid glutamate carboxypeptidase (Stepanova et al.,
1975), and in plant tissues, papain.
Role of Folic Acid in Metabolism
The role of folates in metabolism is associated with 
normal hematopoiesis and with the catalysis of chemical 
reactions, purine and pyrimidine metabolism leading to the 
synthesis of nucleic acids, and particularly DNA (Henderson, 
19^9). In the form of coenzymes, folates are involved in 
the transfer of one-carbon units, such as methyl (-CH^), 
hydroxymethyl (-C^OH), formyl (-CHO), formimino (-CH=NH) 
groups from one compound to another. They also function in 
the conversion of ethanolamine to cholesterol, In the hydro­
xy lation of phenylalanine to tyrosine, in the formation of 
the porphyrin group (Robson,1972), in the serine-glycine 
conversion, in the differentiation of embryonic nervous 
system, the formation of active formate and methionine, 
choline synthesis (AMA, 197^)* and in niacin metabolism
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(Kutsky ,1973).
Folic acid, together with vitamin plays an
important role in nucleoprotein synthesis. Deficiency 
of either one of the vitamins causes the same morphologic 
abnormality of the hematopoietic system; a megaloblastic 
bone marrow.
The renewal time of the small intestine epithelium is 
extremely rapid (2 to 5 days) and the mucosal nucleoprotein 
synthesis is expected to require folates (Halsted,1975).
Based on this, several clinical observations suggest that 
the normal function of the small intestine may be partially 
regulated by dietary folates.
Folate Deficiency; Disorders, Therapy
Folate deficiency is probably the most prevalent vitamin 
deficiency in man. In the U.S. and U.K., low folate levels 
have been reported in association with such conditions of 
nutritional stress as pregnancy, infancy, alcoholism, 
diseases, low family income and poor dietary habits 
(Keagy et al., 1975)* The 10-State Nutrition Survey 
showed that up to 10% of low hemoglobin levels were due to 
folate deficiency, making it clear that folate was involved 
in the widespread anemia (AMA, 1974). Nutritional study of 
a S.African rural population,on a predominately maize diet, 
revealed that folate deficiency was present in 43.8% of 
nonanemic women in their late pregnancies, in 32.1% of
23
nonpregnant women and in 18.6% of other adults. One third 
of the population over 60 years of age was deficient in 
folates (Colman et al.,1975). Because folate defi­
ciency is associated with specific complications of preg­
nancy, it is often stated that a significant percentage of 
maternal mortality in the tropics could be traced to folate 
deficiency.
The incidence of folate deficiency among nonanemic 
pregnant women in Venezuela was 47% and in Indian women in 
Singapore 36/5. In the U.S., a report in Massachusetts of 
the Survey Director to the Commissioner for Public Health, 
indicated that in those low income districts surveyed, 26.1% 
of the population showed deficiency. In persons over 60 
years of age 30*7% of the females and 28.4% of the males 
were reported to have folate deficiency.
Factors other than proper nutrition can precipitate 
folate deficiency. It is believed that inhibitors of the 
folate conjugases, which occur naturally in foods, could be 
one factor. Also,drugs such as oral contraceptives and 
anticonvulsants, exert inhibitory activity on the conjugases^ 
resulting in folate deficiency. Known chemicals which in­
hibit these conjugases are silver nitrate, cupric chloride 
and bromsulphthlein (Anon.,1972). Another mode of action 
of oral contraceptives and anticonvulsant drugs which was 
proposed, is that these chemicals precipitate deficiency 
by accelerating folate metabolism through the induction of
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hepatic enzymes. Orally administered contraceptives seemed 
to decrease the utilization of polyglutamic folate by 50% 
in some females (Hill and Attaway ,1972).
Another factor which contributes to folate, as well 
as other vitamin deficiency,is excessive consumption of 
alcohol. It is believed that these deficiencies are not 
caused by the Ingestion of alcohol per se , rather by the 
deficient diet of the alcoholics. Folate deficiency in 
combination with alcohol ingestion induces a functional 
abnormality of the small intestine. Since no morphologic 
changes can be observed, it is suggested that this functional 
abnormality precedes the structural alteration in alcoholic 
folate deficiency.
Folate deficiency disorders include various types of 
anemias: macrocytic, megaloblastic and pernicious; glossitis;
diarrhea; G.I. lesions; Intestinal malabsorption and sprue 
(Kutsky, 1973)- The megaloblastic anemia comprises less 
than 5% of all anemias seen in medical practice. Severe 
megaloblastic anemia is infrequent in the temperate countries, 
but common in the tropics where it is a major cause of maternal 
death (Anon. ,1969)• In PCM an inability to absorb folate 
seems to be responsible for the megaloblastic anemia that 
is a common complication of kwashiorkor.
Folate is related with the reactions forming hemoglobin. 
Vitamin controls the folic acid enzymes, but deficiency
Is rare. Hill and Attaway (1972) reported folate deficiency
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Induced anemia to be second only to iron deficiency anemias.
Tropical sprue is a disease of the small intestine 
mucosa characterised by partial villus atrophy and general­
ized intestinal malabsorption, with megaloblastic anemia.
The fact that it responds to folate or vitamin adminis­
tration suggests that the mucosa might be deficient. In 
folate and/or vitamin B ( H a l s t e d  ,1975). It has been 
suggested (Schultz and Sinnhuber,1962) that tropical sprue 
is associated with,and consequently the result of the con­
sumption of rancid fats. Response of the disease to folic 
acid was explained on the basis that folic acid could have 
protective properties against the heated fats.
Mild folate deficiency, unable to produce anemia, has 
been found to cause intestinal morphological changes, includ­
ing villus atrophy accompanied with nuclei megloblastia. 
Similar changes are produced in the jejunum of weanling rats 
from mothers on folate deficient diets (Tomkins et al.,
1976).
Impaired absorption of folic acid, resulting in defi­
ciency, occurs in patients with intestinal diseases. This 
Is caused by the decreased intestinal surface as an absorp­
tion site, and by the competition by abnormal intestinal 
microorganisms. Defective absorption also occurs In patients 
with pernicious anemia, while Impaired absorption of vitamin 
B^2 occurs in patients with folate deficiency.
In anemic and pregnant and non.pregnant women, the
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folate binding proteins in the serum are 2 to 3 times higher 
than normal levels. Serum folate is bound by these proteins, 
and as a result, the serum folate falls with the advance of 
pregnancy (Areekul et al., 1977). Polate binding proteins 
have also been demonstrated in the sera from patients suffer­
ing from a number of pathological diseases (folate deficiency 
included) and from women taking oral contraceptives (Ford 
et al , 197*0. Marginal deficiency before pregnancy is likely 
to be precipitated into a serious deficiency during pregnancy 
(Henderson,1969).
In experiments with rats it has been observed that:
(a) decreased weight gain during gestation is directly re­
lated to an inability of the deficient rats to synthesize 
protein normally; (b) the growth of pups from deficient dams 
was very poor during the lactation period, and (c) the length 
and severity of the folate deficiency was related to the 
degree of fetal death and resorption. However, very poor 
reproductive performance was due to the low protein and 
calorie intake rather than to folate deficiency per se 
Folate deficiency before birth and postnatally could affect 
both cell duplication and growth. Megaloblastic changes in 
bone marrow may be also expected before any evidence of 
anemia is observed (Tagbo and Hill,1977 )-Folate deficiency 
in the rat may interfere with intestinal absorption of thiamin 
(Howard et al. 1974). Lack of enzymes in the folate bio­
synthetic pathway may increase the nutritional requirements
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for folates (Iwai et al.,1977)*
Nutritional Stability of Folate Compounds
Tests of heat stability indicate that aqueous solutions 
of folic acid do not lose S. faecalis activity when boiled 
or baked for the periods used in conventional cooking pro­
cedures. In the presence of other ingredients, however, 
it might lose some of its activity (Colman et al.,1975)*
The most nutritionally stable folate derivative is the 
N^-formyl THFA. The relative stability of the other re­
duced derivatives is as follows: N^-formyl THFA ^  THFA^
c  -i n
N -methyl THFA. N -formyl THFA is. an abundant form in 
the diet (O'Broin et al.s1975)-
Bioavailability of Folate Compounds
The availability of folates in foods has not been fully 
explained. Several problems are associated with the assess­
ment of bioavailability of the vitamin. Assay organism 
used is a major problem. The form of folate assayed -'free* 
or total - is another. Various forms of folate derivatives 
and conjugates have different stability and distribution In 
foods. The extent of intestinal hydrolysis of the conjugated 
forms cannot be assessed satisfactorily. The fate of the 
less stable folate forms in the highly acidic environment 
of the stomach also Is not well known. Conjugase inhibitors, 
whether In foods or in the Intestinal tract, further complicate
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the measurements of the folate availability.
Herbert et al. (1961) suggested that the results 
from the folate assay, employing L .casei without conjugase 
treatment, was the best approximation of dietary folate.
This suggestion may be questionable because of conjugase 
activity normally found in animal and vegetable tissues.
The assay of free folate in raw uncooked materials would 
be higher than in raw cooked products because of the action 
of conjugases. Therefore, free folates in raw products may 
be overestimated, or 'losses' during cooking may not be 
totally attributed to actual thermosusceptibility of the 
vitamin, but to an erroneous comparison between conjugase- 
induced higher free folate concentration in raw products 
and to actual cooking losses (Malin, 1976).
Another factor contributing to the use of total folates 
as a better estimation of folate availability, is the higher 
rate of mobility of free folate to the surrounding liquid 
media. Thus in measuring the availability of folates in 
foods cooked in liquid, the fraction of leached folate/free 
folate would be by far greater than the fraction of leached 
folate/total folate. On a percentage basis, this sometimes 
could mean that as much as 80% of the free folate migrates 
to the cooking water.
An approximation of the bioavailability of food folates 
has been found to be as shown in Table
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Table 4. The Bioavailability of Food Folates
Food Availability %
Aqueous sol. (Folic acid) 
Egg yolk 
Lima beans 
Bananas
Dried lima beans 
Yeast extract 
Crude yeast 
Liver
Cabbage, Wheat, Wheat germ 
Lettuce, Orange juice
100
59 
96 
82 
70 
63
60 
50
Low availability
(Anon, 1974a)
Folate Fortification
Enormous numbers of adult females throughout the 
world take birth control pills which interfere with folate 
metabolism. This can result in chronic vitamin deficiency. 
From this respect, supplementation seems to be an extremely impor­
tant consideration in women(Winick,1978). In the United States, 
folate fortification has been recommended by the National 
Research Council Committee on Food Standards and Fortifica­
tion Policy, at 0.07 mg/100 g of cereal products. Data 
support that flour and bread are practical vehicles for folate 
enrichment of the American diet. Folate fortification has 
also been suggested in many other countries as well.
Fortification of maize meal or other staple foods with
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folic acid could prevent the development of megloblastic 
anemia in pregnant women and such a practice is applicable 
to the under developed countries. Folic acid supplementa­
tion has also been recognized important in the prevention 
of accidental hemorrage and of spontaneous abortion in 
early pregnancy (Brazier, 1975). Since folic acid is 
very stable during ordinary boiling or baking, its fortifi­
cation has been recommended in every staple cereal product 
(Colman et al., 1975). In specific Negro populations, 
maize meal containing 500 ug/person/day had the same results 
as tablets containing 300 ug/day in preventing deficiency 
in women during late pregnancy (Colman et a l ., 1975).
Whenever infant formulas are based on goat's milk, 
supplementation is recommended because of low folate 
activity. Milk treated with Ultra-High-Temperature Pasteur­
ization loses its folate activity and, thus, should be forti­
fied if used as a basis for infant formulas. Folate RDA for 
adults is h00 ug while the requirement is 50 ug.
Folate Content of Foods
In food analyses, most attention today is devoted to 
the study of folates in connection with the partial defi­
ciencies often found in man, the collection requirements of 
data on folate content of food products, and specifying the 
requirements. The Consumer and Foods Economic Institute, 
U.S.D.A., has recently made an effort to collect data on 
folate content of foods, from research conducted after 1963.
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The data collected were classified as "provisional" since 
the information available was minimal. Perloff and Butrum 
(1977) listed folate content of 299 foods. Hoppner et al. 
(1972) reported the free and total folate content in 144 
foods found commonly in Canadian markets. Dong and Oace 
(1975), using L.casei as a test organism, found that total 
folate activity in bovine milk ranged from 4.9 to 11.8 ug/ 
100 ml. They also reported the tremendous differences in 
values when L .casei analysis revealed 7-7 ug folate activity 
per 100 ml milk; 5.faecalis assayed 0.028 ug folate acti­
vity per' 100 ml milk; and analysis by P.cereviseae yielded 
values 0.30 ug folate actitivty per 100 ml.
Swaminathan and Daniel (1970) reported that human 
and goat milk contain 0.2 ug folate/100 ml and cow's milk
2.0 ug folate/100 ml. Perloff and Butrum (1977) reported 
that human milk contains approximately 6.6 ug folate/100
g, goat milk about 0.8 ug folate/100 g and cow's milk about
5.0 ug/100 g.
The folate content of potatoes, according to 
Konovalova et al. (1974) varied from 8.0 to 30-5 ug/100 g. 
The determination of folic content of potatoes is hindered 
by the fact that the starch molecules enclose (trap) the 
folate, rendering it unavailable to the test organism.
This problem may be overcome either by enzymatically hydro­
lyzing the starch or by thawing and freezing the potatoes 
three consecutive times to break down the starch macro-
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molecules. Bird et al. (1965) recommended freezing and 
thawing as a means of rupturing the cells of other bio­
logical materials.
Ogunmodede and Oyenuga (1970), using S .faecalis as 
a test organism, reported folate content from 152 ug/100 g 
to 162 ug/100 g for the blue, black and brown type cowpeas, 
while Perloff and Butrum reported 133 ug/100.
In Table 5 are shown some comparisons of the folate 
content of flours and bread as reported by Perloff and 
Butrum and the values reported by Suckewer and Secomska 
(1971) and Schroeder (1971).
Table 5. Some Discrepancies Reported In Folate Content 
of Flours and Flour Products
Product Folate content in ug/100 g 
a b c
Rye flour 1301 782
Wheat flour 2701 10 5M3
Rye-wheat bread 1701
Whole wheat bread 370
Whole wheat grain 30 52
Wheat bread 2501 252
Baker's yeast 1350 4088
a. Source: Suckewer and Secomska, 1971; b. Source: 
Schroeder, 1971; c. Source: Perloff and Butrum, 1977.
^Flour or from flour 800-type (Polland); ^Sifted flour;
From whole flour.
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Folate activity, as measured by S .faecalis, was 
in barley 30 ug/100 g, in malt 40 ug/100 g and in beer 
10-13 ug/100 ml (Scriban, 1970). The folate content of 
some juices, as reported by Hill and Attaway (1972), in 
ug/100 ml ’was as follows: fresh orange juice 40.0;
canned orange juice 35*0 ; reconstituted orange concentrate 
42.0; grape juice 0 .10; prune juice 0.30; apple juice
0 .20; and tomato juice 9 *9 .
Effects of Process and Storage on Folate Content of Foods
The addition of ascorbate in the media during 
the folate assay prevents oxidation of folate. Stepanova 
et al. (1975) reported that addition of ascorbate during en­
zymatic digestion prevented oxidation of the unstable forms 
of folate, and Herbert et al. (1961) reported the effects 
of heat and ascorbate on the rentention of folates.
Herbert et al. (1961) attributed increased folate 
activity with added ascorbate as being due to the 
stimulation of L.casei growth. However, Suckewer (1970) 
reported that addition of ascorbate in the medium did 
not influence the values of total folate. Thus, she 
suggested that addition of vitamin C did not stimulate 
the growth of the assay organisms, here S .faecalis; but 
rather prevented the destruction of folic acid during 
the various stages of the assay. Addition of ascorbate 
at various stages of the standard procedure
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increased the total folate content only when compared 
with values of total folate content without added vitamin.
Ford et a l . (1974) showed that addition of sodium 
ascorbate in milk .treated with U.H.T. (60 mg/liter sodium 
ascorbate) resulted in good retention of folate after 60 
days of storage. In the control, the folate disappeared 
after only 7 days.
Keagy et al. (1975) showed that addition of vitamin C 
at maximum levels allowed by Federal Bread Standards did not 
influence the stability of synthetic folic acid during 
the bread making process, or during subsequent storage.
The milling process of wheat and corn reduces the 
folate content of these products by as much as 2/3 
(Schroeder 1971; Metz et al., 1970). DegerminatIon of corn 
reduces the folate from 5-6 ug/100 g to 1 .9-2 .4 ug/100 g .
In bread making, the use of yeast increased the folate con­
tent of the dough during fermentation. Thus, the dough had 
higher folate levels than the starting material. The folate 
content decreased in the end product and reached levels lower 
than the levels of the starting incredients, decreasing by 
as much as 31$ (Suckewer and Secomska 1971; Keagy, et al., 
1975). Synthetic folic acid added in levels of 1 or 5 ug/g 
of all purpose wheat flour, showed small losses (11$) after 
1 year of storage at 120°F. The difference in the rate of 
destruction between the native folic and the synthetic folic acid
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was due to the greater stability of the synthetic form. 
Oxidising-maturing agents had little or no effect on natural 
folate stability. Potassium bromate, azodicarbonamide and 
benzoyl peroxide added at maximum levels allowed by Federal 
Bread Standards had no effect on the stability of folic acid.
The amount of folate in wines has been found to range 
from 13 to 21 ug/liter. When must is extracted from the 
resins, to 73% 'of the initial folate content is lost, but 
there is some increase during the fermentation of the must. 
Others found no variation in folate content during fermen­
tation of wine (Ourac, 1970).
The destruction of folate in egg white is almost 
complete after 20 minutes boiling. In raw eggs, the decrease 
in folate activity is a function of storage time. In the 
first month of storage, the folate lost is negligible.
In 12 months of storage, the loss is about 32# in egg yolk 
and 26.6# in whole egg. The greater loss in the egg yolk 
is due to the migration of the folate from the yolk to the 
egg white despite difficulties in membrane permeability 
(Calet and Blum,1970).
Folate content Increases in tempeh during fermentation 
with Rhizopus oligosporus from 25 to about 150 ug/100 g 
(Murata et al., 1970). This increase is mainly due to 
DeNovo synthesis of folate (Sanke et al., 1971)-
In tomato juice processing, about 60# of the total 
folate is destroyed, 50# during the American process ’FMC1
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line, and 70$ during the Yougoslavian process 'Jedinstwo1.
This difference was probably due to oxidation and longer 
processing times in the latter method. The loss of the free 
and the total folate during the commercial processing of 
French beans and green pea preserves was reported to be 
considerable (Suckewer et al., 1970). Thirty percent of 
the total folate was found in the pickle liquid of French 
beans and 11% in the liquid of green peas. The folate content 
of those two preserves was stable for 12 months, independently 
of the type of container in which they were stored. The folate 
content in the tomato juice, stored for 12 months in the dark, 
was decreased by 7%3 whereas, when it was stored in orange 
bottles, under day-light conditions, the loss was 30$.
Suckewer and Secomska (1970) found that cooking also 
caused significant losses in free folate content in cauli­
flower, white cabbage, French beans, peas and potatoes.
Some of their assays showed that total folate was increased 
after cooking; in cauliflower from 73.6 to 76 ug/100 g; in 
peas from 143.8 to 149.2 ug/100 g; and in potatoes from 113 
to 189.2 ug/100 g. The values of the total folate content 
in chopped'white cabbage and French beans were decreased. 
Leaching during cooking ranged from 0.5 to 22$ depending 
on the vegetable (Suckewer and Secomska, 1970).
Taguchi et al. (1972, 1973) reported that 5-minute boiling 
reduced the free folate content of various foods by 20-90$ 
and 15-minute boiling reduced the total folate content by 
60-80$.
MATERIALS AND METHODS
In the present work,, Lactobacillus casei (ATCC 7^69) 
was used as a test organism because: (a) it responds to a
wide spectrum of folates including PteGlu2 , PteGlu^ and 
their reduced derivatives (Tamura et al., 1972); and (b) It 
does not utilize the pteroates which are non-utilizable 
by man.
Pure, lyophilized culture of L.casei, ATCC 7^69 > was 
obtained from the American Type Culture Collection and stored 
at 5°C for two months. Pour weeks before the preliminary 
assays were started, the vial which contained the culture 
was opened aseptically and 0.35 ml of the rehydration medium 
was poured into it. The rehydration medium was prepared 
by mixing 100 g of nonfat dry milk, 5 g Difco yeast extract 
and 100 ml filtered juice from canned tomatoes under heat 
and then made to 1 liter with triple-distilled water. The 
pH was brought to 6.8 with 5% NH^OH and the medium autoclaved 
for 15 minutes at 121°C under 15 lb. pressure. The culture 
was shaken in order to achieve uniform suspension and then 
poured into a 15x150 mm screw-cap test tube containing 10 ml 
of rehydration medium. The test tube was incubated at 
37^ 0.5°C for 65 hours. After the incubation period, the 
rehydration culture was allowed to cool to room temperature 
and the culture was Inoculated Into four 15x150 mm screw-cap
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test tubes, each containing 10 ml sterilised, solidified 
Micro Assay Culture Agar (Difco 0319-02) and incubated at 
37- 0.5°C for 18 hours. These constituted the stab cultures, 
and were kept at 5°C until used. Prior to each test, the 
culture was transferred for three consecutive days In order 
to revive the microorganism. One of the tubes was always 
kept sealed and used for further propagation of the culture.
For the preparation of inoculum, a fresh culture was 
always used. The microorganism was Inoculated, using a 
borosilicate loop, into four 18x160 mm test tubes, each 
containing 10 ml of Bacto Lactobacilli Broth (Difco Code 
0901)- The tubes were incubated for 18 hours at 37- 0.5°C, 
and centrifuged for 20 minutes at 3000 r.p.m. The supernatant 
was decanted and 10 ml sterilized distilled water was added 
aseptically to the tubes. This procedure was repeated four 
times, and as the final step, about 30 ml of sterilized 
distilled water was added to one of the tubes in order to 
achieve suspension of the bacteria. One drop of this sus­
pension was then used to Inoculate both the standard tubes 
and the samples. The centrifuge used during this work was
I.E.C. Model, 3/4 H.P.
Preparation of the Standard Curve
For the preparation of the standard curve, three solu­
tions were required; (a) the stock solution; (b) the working 
solution; and (c) the standard solution. For the preparation
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of the stock solution 200 mg of crystaline folic acid 
(United States Biochemical Corporation) was dissolved in 
200 ml of medium containing 20$ absolute ethanol in 0.01 
N NaOH (40 ml absolute ethanol +• 160 ml 0.01 N NaOH)
(Watson and Tamura, 1976). After the folic acid was com­
pletely dissolved, the volume was made to 1000 ml with 20$ 
ethanol in 0.01 N NaOH and mixed. The dilution was divided 
into 3 ml aliquots and stored at -20°C. This stock solution 
was prepared a few days before the assays were started and 
the same dilution was used throughout. For each set of 
assays, one tube containing 3 ml of the stock solution was 
used. The final folic acid concentration in the stock solu­
tion was 200 ug/ml.
For the preparation of the working solution, 1 ml of 
the stock solution was diluted to 100 ml with 0.01 N NaOH 
containing 20$ absolute ethanol. This constituted the work­
ing solution having a final concentration 2 ug/ml. For each 
set of assays a new working solution was prepared.
The standard solution was prepared immediately before 
the assay. One ml of the working solution was diluted to 
100 ml with 0.05 M phosphate-ascorbate buffer having a final 
concentration 20 ng folic acid/ml. Four ml of the latter 
solution were diluted to 100 ml with phosphate-ascorbate 
buffer giving a final folic acid concentration of 0.8 ng/ml. 
This comprised the standard solution used to prepare the 
standard curve. For the preparation of 0.05 M phosphate-
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ascorbate buffer, 13*585 g NaHgPO^’f^O and 8.05 g 
Na2HP0jj ‘7H 2O were made to two liters with triple-distilled 
water and the contents were shaken until the salts were 
completely dissolved. The buffer was stored at 5°C and 
the ascorbic acid, 1.5 mg/ml (United States Biochemical 
Corporation) was added a few minutes before the use of the 
buffer.
The standard solution was added to 18x200 mm test tubes 
as shown in Table 6 . Four more tubes were used as blanks.
Table 6 Quantities of Standard Solution .(0.8 ng F.A./ml) 
Used for the Preparation of Standard Curves
No. of tube 
(in duplicate)
ml of standard' 
solution/tube
ng F.A./tube Inoculation 
1 drop/tube
1 0,0 0 .00 no
2 0.0 0.00 yes
3 0.1 0.08 yes
4 0.3 0.24 yes
5 0.5 0 . 40 yes
6 0.7 0 . 56 yes
7 0.9 0.72 yes
8 1.2 0.96 yes
9 1*5 1.20 yes
10 1.8 1.44 yes
11 2.2 1.76 yes
12 2 .6 2.08 yes
13 3.0 2 .40 yes
14 3.5 2 .80 yes
15 4.0 3.20 yes
16 4.5 3.60 yes
17 5.0 4 .00 yes
All tubes were made to 5 ml with triple-distilled water, 
shaken, and made to 10 ml with Folic Acid Casei Medium.
41
The tubes were sterilized at 121°c under 15 lb. pressure 
for 5 minutes, cooled in a water bath arid inoculated as 
shown in Table 6 . A new standard curve was prepared for 
each set of assays.
Extraction of the Vitamin from Poods
During the extraction step, raw cowpeas and carrots were 
each blended in a Waring Blender in phosphate buffer medium 
for 2 minutes to facilitate the release of folates from the 
cells into the medium. Canned cowpeas, raw and canned okra, 
raw and canned tomatoes, peanut butter, yellow onions, plums, 
cauliflower, lemon, bell pepper, pineapple, banana, and 
endives were blended for 1 minute in the same manner.
Tomato juice was not assessed. The phosphate buffer was 
prepared according to Gyorgy and Bertino (1967) as follows:
Each 27-8 g NaH2P0^’H2O and 71.7 g Na2HP0^'12H20 was diluted 
to 1000 ml with triple distilled water. 212.5 ml of the 
former and 37.5 ml of the latter solution were mixed and 
made to 100 ml with the same water. A few minutes before 
using the buffer, 5 mg/ml L-ascorbic acid was added to pro­
tect the food folates during the assay.
The sampling of the individual foods was carried out 
according to the methods described in Association of Analytical 
Chemists (1951). Samples 2-5g were placed in Osterizer 4 oz 
plastic blend-and-store jars each containing about 80 ml 
of 0.1 M phosphate buffer and blended. The volume of the
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blended material was then made to 100 ml with the same buffer. 
About 20 ml were poured into 50 ml Erlehmeyer flasks, covered 
and autoclaved for 5 minutes at 121°C under 15 lb. pressure. 
Autoclaving the samples was considered to be important, 
since, according to Stepanova et al., (1975)s this practice 
ensures the rupture of the cells and inactivates any naturally 
occuring conjugases. All operations in the sampling and 
extraction steps were performed with minimal artificial 
light to avoid any photodegradation of the folates. For 
the same reason, the jars were completely covered with 
black tape.
Enzymatic Hydrolysis of the Polyglutamates
For the enzymatic hydrolysis of the polyglutamate forms 
of the vitamin, a preparation of chicken pancreas conjugase 
was used. Ten grams of desiccated chicken pancreas (Bacto 
Chicken Pancreas, Difco Laboratories) .was suspended in 300 ml 
0.1 M phosphate buffer, pH 7-0, covered with toluene, and 
incubated overnight. The contents were poured into 50 ml 
centrifuge tubes and centrifuged for 40 minutes at 3500 
r.p.m. The supernatant fraction was mixed with an equal 
volume of 0.1 M tricalcium phosphate gel suspension in an 
ice bath, poured into 59 ml centrifuge tubes and centrifuged 
again for 30 minutes. The resulting upper layer was vigorously 
mixed in an ice bath with cold ethanol. After standing over­
night in the cold room (5°C), the mixture was centrifuged
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and the resultant precipitate was dissolved In 100 ml with 
0.1 M phosphate buffer, pH 7-0. Por the preparation of the 
phosphate buffer equal amounts of 0.1 M NaH^PO^ and 0.1 M 
Na2HP0i| were mixed and the pH was adjusted to 7-0 by adding 
0.1M Na^HPO^. Ten percent (by weight) Dowex 1x8 (chloride) 
was added to the mixture and the contents were stirred for 
1 hour under coid-room conditions. Treatment with Dowex 
removed any remaining folate activity. The supernatant 
was,distributed in 5 ml aliquots In test tubes,and the tubes 
v/ere kept at -40°C until used. Bioassay of this preparation 
was negative for folate activity (Iwai et a l ., 1964).
To each 20 ml food extract, 0.2 ml of the chicken pancreas 
conjugase preparation was added,covered with toluene, and 
incubated for 24 hours at 37- 0.5°C. The flasks were then 
placed for 2 minutes in boiling water to Inactivate the con- 
jugase and the contents were filtered through glass wool. The 
filtered extracts were diluted with phosphate-ascorbate buffer 
in order to obtain measurable folate concentrations. Two 
concentrations of the food extracts were sometimes employed.
Dilutions of 0.5, 1.0, 2.0 and 4.0 ml were pipetted in­
to duplicate 18x200 mm test tubes made to 5.0 ml with triple­
distilled water, and then to 10 ml with Folic Acid Casei 
Medium. The tubes were autoclaved for 5 minutes at 121°C 
under 15 lb. pressure and, after being cooled in a water bath, 
were inoculated with 1 drop each of the essay Inoculum, as pre- • 
viously described. The test tubes containing the sample and 
standard solution were incubated at 37 - 0.5°C for 18 hours.
44
Turbidimetric Examination
After the l8-hour incubation, the test tubes contain­
ing the samples and the standard solutions were placed in 
the cold-room for 20 minutes to prevent further growth of 
the culture. The tubes were shaken to suspend the micro­
organisms and the absorbance of the culture was measured 
at 640 mu wavelength on a "Spectronic-25" spectrophoto­
meter. A noninoculated blank was used to zero the instru­
ment, the absorbance of the samples and standard solutions 
were recorded and the standard curve plotted. The absorbance 
of the samples were fitted onto the standard curve and the 
concentration of folic acid was recorded. Independently 
of the extent of the sample dilution, all the absorbance 
values fitted in the standard curve were recorded, calculated, 
and averaged. Values not fitting the standard curve were 
discarded.
All calculations were based on the following formula:
u„ j ngxlOO x dilution factor 
ug/100 g in wet weight basis— *------- sample" weight"
Treatment of the Products
Cowpeas, okra and tomatoes were all purchased from a 
local wholesale food distributor. Efforts were made to 
ensure that these products were of the same stage of maturity 
and of the same cultivar, although their exact history was
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unknown.
Cowpeas (Vigna sinensis Stickm) of the black-eye type 
were brought to the laboratory, where the seeds were separated 
from the pods. The seeds were blanched for 3 minutes in 
water at 200°P, and then were filled into 307x409 cans.
Three sets of cans were prepared, each set having 9 cans:
(a) 9 cans were covered with 2% brine containing 1% sugar;
(b) 9 cans were covered with 2% brine containing 1% sugar 
and 1 mg L-ascorbic acid per ml; and (c) 9 cans were covered 
with 2% brine containing 1% sugar and 2 mg L-ascorbic acid 
per ml. All cans were sealed and retorted together for 16 
minutes at 250°F.
Okra (Hibiscus esculentus L.) of the commercial variety 
Texas Baby was brought fresh to the processing laboratory, 
washed and then blanched for 2 minutes in boiling water.
It was then sprayed with cold water, cut crosswise, sorted 
and filled into 307x409 cans. Three sets of cans were pre­
pared as with cowpeas. The okra was covered with 2% hot 
brine in one set of cans, with 2% hot brine containing 1 mg 
L-ascorbic acid per ml In a second set, and with 2% brine 
containing 2 mg L-ascorbic acid per ml in the final set of 
cans. All cans were sealed and retorted together for 12.5 
minutes at 250°P.
Tomatoes (Lvcopersicon esculentum) variety Pelican 
were washed with tap water and the peel was lightly cut.
They were blanched in boiling water for 1 minute, immersed
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into cold water, hand-peeled, cut into chunks, sorted and 
filled into 307x409 cans. Three sets of cans were prepared 
each having 9 cans. In the first set, the tomato chunks 
were covered with tomato juice (Tomato Juice, Ann Page,
A & P, Montvale, N.Y. 07645. Ingredients: tomato juice,
salt.) which was diluted with water 1:1. In the second 
set, the tomato chunks were covered with the diluted tomato 
juice containing 1 mg L-ascorbic acid per ml, and in the 
final set, the tomato chunks were covered with the diluted 
tomato juice containing 2 mg L-ascorbic acid per ml. All 
cans were sealed and boiled together for 40 minutes at 212°P. 
Since the experimental facilities did not include exhausting 
equipment, none of the cans were exhausted. All cans were 
properly cooled and kept under air-conditioned storage (=25°C). 
The canned products were assayed every 19 days, the first 
assay being carried out 2 days following canning.
All other products which were analyzed were purchased 
from local supermarkets and underwent no further processing.
RESULTS AND DISCUSSION
Determination of the folate content of cowpeas 
(blackeyed peas), okra, tomatoes, peanut butter, yellow 
onions, plums, cauliflower, lemon, bell pepper, pineapple, 
bananas, and endive were performed using L .casei 7469 
assay. For each assay, separate standard curves were 
plotted, and are included as Tables Ia-Xa and Figures I-X 
in the Appendix. Individual absorbances and the corres­
ponding folate content of cowpeas, okra and tomatoes (raw 
and canned) are shown in Tables Ib-Xb in the Appendix. In­
dividual values for peanut butter, yellow onions, plums, 
cauliflower, lemon, bell pepper, pineapple, bananas, and 
endive are shown in Tables XIV-XXIII. These tables also 
show the corresponding folate content as well as the content 
per 100 g (wet weight).
Table 7 contains the mean folate values for cowpeas, 
okra and tomatoes. The'folate content In raw cowpeas was 
found to be 443-17 ug/100 g w.w., in okra 51-58 ug/100 g
w.w., and in tomatoes 15-76 ug/100 g w.w.
These values differ somewhat from those reported in 
the literature by Perloff and Butrum (1977)- These authors 
reported values of 133 ug/100 g for raw dry cowpeas, 24 ug/100 
g for okra and 39 ug/100 g for tomatoes. The differences 
might logically be explained by (a) genetics which affect 
the biochemistry even within different strains of the same
4 8
plant, (b) environmental conditions during growth such as 
amount and intensity of light, temperature, season of the 
year, and location, (c) soil type and degree of fertili­
sation, (d) sise of products and stage of maturity (Harris 
and Von Loesecke, 1971). The assaying techniques and the 
type of microorganism used may also affect these values 
considerably.
Table 7- Mean Folate Content* of Raw Cowpeas, Okra, and 
Tomatoes as Assayed by L.casei 7469
Cowpeas Okra Tomatoes
443.17 - 47.27 51.58 - 17.65 15.76 - 2.21
* ug/100 g w.w.
Cowpeas (blackeyed peas)
The canning process was responsible for a reduction 
in folate content of cowpeas of 46.39$ (p<0.01). Treatment 
of the beans with canning liquor containing 1 mg/ml ascorbic 
acid did not seem to exert any protective effect on the 
folates. The observed loss was 46.61$ or statistically 
identical to the control sample. Treatment with liquor 
containing 2 mg/ml ascorbic acid, however, reduced the loss 
of folates by 7-92$, the loss was 38-47$ (p<0.01).
Analysis of variance showed a coefficient of variation 
of 11.23$.
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Table 8. Effect of Ascorbic Acid Concentration on 
Mean Folate Retention* of Canned Cowpeas 
during 158 days of Storage as Assayed by 
L .casei 7469
Days of Ascorbic Acid
Storage 10 1 mg/ml 2 mg/ml
2 237.56
+ 25.84 236.56 - 22 . 85 272.69
-t* 32.90
21 128.20 + 8.93 128.53 - 12.60 136.75
+ 13.10
40 102.11 + 7*26 116.15 - 9-38 121.26
+
8.31
59 59.31
+ 12.76 74.14 t 14.89 63.37
+ 11.92
79 58.90
+ 14 .72 86.88 t 8.50 100.73
+
25.15
98 79.72 + 11.88 79.13 - 21. 42 79.44
+
22.53
118 59.24 + 15.69 51.88 ± 13-49 63-03
+
13.07
136 57.^8 t 8.33 66.63 - 12.76 79-71
+ 14. 06
158 57.51
+ ' 5-04 68.73 t 2.59 74. 40
+ 3.86
* ug/100 g w.w.
Storage time also had a highly significant effect on 
the folate content of cowpeas. Control canned cowpeas 
exhibited a constant, linear decline in their folate content 
through a 2-month storage period (p<0.01). This decline 
is shown quantitatively in Table 8. Twenty-one day. storage 
reduced the folate content by 46.03$ and 40-day storage 
by 57.01$. At the end of 59-day storage the folate loss 
was 75.03$ and remained the same during the rest of the 
storage time. The folate loss of control cowpeas stored
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for 79 days was 75.20$ and seemed to be reduced at 98- 
day storage. This reduction in folate loss, 66.44$, may 
or may not have actually occurred, since under ideal 
experimental conditions the coefficient of variation in 
L .casei 7469 assays is greater than 10$. Folate losses 
after 118-day storage were 75*06$, after 136-day storage 
75 *80$ and after 158-day storage 75.79$.
The folate content of treated cowpeas (1 mg/ml ascorbic 
acid) also declined during storage, following a pattern 
similar to the control. The rate of destruction was lower 
however, from that exhibited by the control. After 21 days 
of storage the folate loss was 45-67$ (p<0.01). The 
observed loss increased to 50.90$ after 40-day storage, and 
continued, to reach 68.66$ after 59 days (p<0.01). Sample 
analyses after this period did not reflect continuity of the 
folate destruction pattern, rather the observed individual 
mean values indicated a fluctuation over the loss observed 
after 59 days of storage. Thus, sample analyses after 79 
and 98 days of storage reflected losses of 63.27$ and 
66.55$, respectively. Further analyses showed that folate 
losses after 118-day storage were 78.07$, after 136-day the 
losses were 71.83$ and after a 158-day storage period 
they were 70.29$.
Addition of 2 mg/ml ascorbic acid to the canning liquor 
did not prevent folate disappearance during storage. The 
pattern of folate destruction was similar to those observed
51
for the control and with 1 mg/ml ascorbic acid treated 
samples, although quantitatively the observed mean values 
of the samples treated with 2 mg/ml ascorbic acid were 
higher than the other two samples. Twenty-one day 
storage resulted in 49.85% loss of folate (p<0.01). These 
losses increased to 55 *53% after 40 days of storage and 
to 7 6 . 7 6 % after 59 days. Longer storage periods did not 
contribute to further folate destruction. Losses were 
63.06% after 79 days of storage, 66.55% after 98 days and 
78.07% after 118 days. Assays made after 136 days of 
storage revealed 70.77% loss and after 158 days 72.72%.
Valuable information on the folate content of canned 
cowpeas can be derived by examining the mean folate content 
of all assays. Current PDA regulations permit the optional 
listing of mean folate content of food labels. Although 
mean values do not reflect actual folate content at any 
given time, they are probably a sound estimate for practical 
purposes. Factors which lead to this conclusion are:
(a) canned foods normally label only the "expiration" date 
and not the production date; (b) use of mathematical models 
for predicting nutrient loss at any given time are not 
always reflective of actual changes; and (c) changes in the 
variables of canning, (temperature, time, oxygen, ingredients, 
preservatives, etc.) tend to significantly affect values 
for the more labile nutrients.
The mean value of all cowpea assays were 93-32 ug/100 g
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w.w. for the control, 101.06 ug/100 g w.w. for the samples 
treated with 1 mg/ml ascorbic acid, and 110.50 ug/100 g w.w. 
for those treated with 2 mg/ml ascorbic acid.- Statistical 
analysis of the means of the three classes of samples 
(0, 1, and 2 mg/ml ascorbic acid) showed highly signifi­
cant differences. Thus the overall mean value of the control 
(93-32 ug/100 g w.w.) was highly significantly different 
from the overall mean value of the 1 mg/ml ascorbic acid 
treated sample (101.06 ug/100 g w.w.), and naturally, 
highly significantly different from the overall mean of 2 mg/ 
ml ascorbic acid treated samples. Accordingly, the difference 
between the two overall means of the samples treated with
1 and 2 mg/ml ascorbic acid was found to be highly signifi­
cant. Examining the effect of ascorbic acid over a 158-day 
storage period, it is seen that addition in levels of 1 and
2 mg/ml resulted in folate retention of 7-77 and 17.18 ug/
100 g w.w.,respectively, in canned cowpeas.
Based on the mean value of all assays, combined losses 
of folate resuiting from canning and storage were 7 8 .9^#, 
77-19/5, and 75.06, respectively. The coefficient of 
variation was 15#.
No statistical relationship was found for the inter­
action of time, process and levels of ascorbic acid in 
acting upon the folate content of cowpeas.
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Okra (var. Texas Baby)
Canning reduced the folate content of the control by 
44.88% (p <0.05) • Addition of ascorbic acid in levels of 
1 mg/ml and 2 mg/ml reduced these losses to 43-13% and 
40.60%,respectively. However, the coefficient of varia­
tion was very high, at 30%. This variation occurred 
throughout the okra assays and exceeded that of all other 
assays. It would appear that more work is needed to isolate 
the effects of the mucoid compounds of okra on L.casei and 
on folate availability to the microorganism. A partial 
enzymatic inhibition may also be present.
Storage time had a detrimental effect on the folate 
content of the control okra (p<.0 .01) as shown quantita­
tively in Table 9- Canned okra stored for 21 days ex­
hibited a mean reduction of 41.43% in folate content.
Further storage, 40 days, increased this loss to 42.24% and 
storage of 59 days to 55-55%- The loss after 79 days of 
storage was 66.28%. Assays conducted after this date did 
not indicate that substantial further losses took place. 
Ninety-eight days of storage caused a 50.87% loss and 118 
days of storage a 56.99% loss. These two values may not be 
considered as an increase in the folate content with res­
pect to storage period, but as deviations, since assays after 
136 and 158 days of storage revealed losses of 68.42% and 
66.38%, respectively.
The two levels of ascorbic acid used protected the
54
Table 9> Effect of Ascorbic Acid Concentration on 
Mean Folate Retention* of Canned Okra 
during 158 days of storage as Assayed 
by L.casei 7649
Days of 
Storage 0
Ascorbic Acid 
1 mg/ml 2 mg/ml
2 28.43 + 2. 69 29-34
+ 8.04 30. 64 i 7.-34
21 16.74 + 1-57 31.71
+
2.61 31.26 t 2.96
40 16.42 + 1.04 21.30 + 6.64 21.87 - 5.78
59 12.64
+ 3.54 23-49 + 4.59 24.64 - 3.15
79 9.59
+
3,07 34.42
+
7-33 30.20 - 7.53
98 13.97
+ 3.42 27.97
+ 5 -82' 33.02 t 2.88
118 12.23
+
3.51 19 .24
+
7.07 31.91 i n .  45
136 8.98 + 2. 97 23.94 + 2.65 32.91 i 5.07
158 9.56 + 1.92 29.67
+ 3.48 32.96 - 2.79
* ug/100 g w.w.
the folates throughout storage. No clear pattern of 
folate destruction was observed through the storage 
period, however, and values fluctuated considerably.
Perhaps the best way to measure the effect of ascorbic 
acid on the folate content of canned okra in this case is 
to examine the means of all assays. Canned okra treated with 
1 mg/ml ascorbic acid had a mean 26.74 ug folate/100 g w.w. 
and treated with 2 mg/ml was 29-92 ug folate/100 g w.w.
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The differences between these means was statistically 
significant ( p < 0 .05), showing that 2 mg/ml ascorbic 
acid had a greater protective effect on folates than 
1 mg/ml. This difference is not considered large enough 
to justify use of ascorbic acid in concentrations 
beyond 1 mg/ml.
The means of ascorbic acid treated samples were con­
sistently higher ( p < 0.01) than the control, which was 
14.27 ug/100 g w.w. On the average, combined folate 
losses due to both processing and storage were: control
72.33$; 1 mg/ml ascorbic acid 48.15$; and 2 mg/ml ascorbic 
acid 41.98$. The coefficient of variation was 21$. 
Processing, levels of ascorbic acid and storage time 
were acting inter-dependently on the folate content as 
demonstrated by a highly significant interaction.
Tomatoes (var. Pelican)
Canning decreased the folate content of control 
tomatoes by 57-02$ (p<0.01). Addition of ascorbic acid 
to the canning liquor in levels of 1 and 2 mg/ml reduced 
the folate destruction to 49.53$ and 47 .22$ ( p < 0 .01), 
respectively. The coefficient of variation was 16$, a 
figure similar to that observed for cowpeas.
Regular-rinterval assays over the 158-day storage 
period and statistical analysis of the results did not
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reflect significant folate destruction within the 
treatments in the control or in 1 and 2 mg/ml ascorbic 
acid-treated tomatoes (Table 10). The values found 
immediately after processing were statistically the 
same as after 158 days of storage. The two levels of 
ascorbic acid employed protected the folates in tomatoes 
with the difference of the means of the control and treated 
samples being highly significant. For the control, the over-
Table 10. Effect of Ascorbic Acid Concentration on 
Mean Folate Retention* of Canned Tomatoes 
during 158 days of Storage as Assayed by 
L.easel 7469
Days of Ascorbic Acid
Storage 0 1 mg/ml 2 mg/ml
2 6.78 + 1.50 7-96
+ 1. 42 8.32 + 0.82
21 5.53
+
1.21 7.85
+
1.59 12.15
+
0.69
40 6.79-
+
0-95 8.83
+
1.83 7.76
+
1.57
59 5.69
+ 0.41 7.01 + 0.53 9.49
+ 1.21
79 5.90
+ 2.24 9.45
+
2.57 7*52
+
2.23
98 8.01 + 2.54 9.20
+
3.23 8.62
+
2.93
118 6.67
+ 1.74 9.69
+ 2.20 8.18 + 1.85
136 5.35
+
1. 27 8.68
+
3 .16 9.54 + 2.76
158 5.20
+
1.04 8.31
+
1.05 9.28
+ 0.87
*ug/100 g w.w.
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all mean was 6.20 ug folate/100 g w.w., for those treated 
with 1 mg/ml ascorbic acid 8.54 ug/100 g w.w., and for 
the ‘2 mg/ml samples 9.07 ug/100 g w.w. No statistical 
difference was observed in the folate content between 
tomatoes treated with 1 and 2 mg/ml ascorbic acid. As 
was found in okra, amounts of ascorbic acid higher than 
1 mg/ml do not significantly affect folate destruction.
On the average, the folate lost during canning and 
storage was 60.62% for the control, 45*79^ for 1 mg/ml 
ascorbic acid treated tomatoes, and 42.46% for 2 mg/ml 
treated samples. The coefficient of variation was 14%.
The interaction of storage time and levels of ascorbic 
acid was not significant.
Other
Polate content of the other products assayed are 
shown in Table XIV-XXIII in the Appendix. Next to each 
mean value is stated in parenthesis the values reported 
by Perloff and Butrum (1977) for comparison purposes.
The richest source of folate in the products examined 
was raw endive (Table 11), a relatively little-used 
leafy vegetable used for salads. It folate content 
was found to be 200.45 ug/100 g w.w. (49 ug/100 g ) .
Peanut butter also was found to be a rich source of folate, 
142.16 ug/100 g w.w. (— ). Relatively good sources were: 
raw cauliflower, 70.64 ug folate/100 g w.w. (55 ug/100 g);
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Table 11. Mean Folate Content of Various Foods as 
Assayed by L .easel 7469
Food Folate Content (ug/100 g w.w.)
Endive (Raw) 200.45 + 6.98
Peanut Butter 142.16
+ 8. 4l
Cauliflower (Haw) 70.64 + 10.67
+
Banana (Raw) 39-13 — 7.04
Carrots (Raw) 24.62
+
4.77
Yellow Onions (Raw) 12,95
+
1.98
Pineapple (Raw) 10-37
+
2.95
Lemon (Raw) 7-37
+
1.37
Bell Pepper (Raw) 5.67
+
1. 27
Red Plums (Raw) 2.96
+
0.99
raw banana, 39-13 ug folate/100 g w . w. (28 ug/100 g);
and raw carrots, 24.62 ug folate/100 g w.w. (32 ug/lOQg).
Haw yellow onions and pineapple contained 12.95 ng folate/ 
100 g w.w. (25 ug/100 g) and 10.37 ug folate/100 g w.w.
(11 ug/100 g), respectively. Raw lemon, bell pepper 
and red plums were found to be the poorest sources of 
folates among the products assayed. Their folate content 
in ug/100 g w.w. was found as follows: lemon, 7-37
(12 ug/100 g), bell pepper, 5*67 (sweet peppers, 19 ug/
100 g ), and red plums 2.96 (6 ug/100 g).
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The benefits of canning in preserving foods 
are well known and need not be discussed here. Prom 
the nutritional standpoint however, thermal processing 
per se, results in reduction of food folates, and storage 
adds to this decrease. While little substantive evidence 
exists as to the widespread occurence of folate defi­
ciency in the United States, certainly losses found in 
the range of this study are of nutritional significance 
when we consider that: (a) consumers rely heavily upon
canned vegetables for the dietary intake on folates;
(b) increased use of birth control pills reduces the 
biological utilization of folates; (c) requirements of 
the vitamin increase during pregnancy; and (d) the 
projected requirements of nutritional labeling. The 
latter raises the problem of ascertaining a logical 
value for label claims on a component as labile to pro­
cessing and storage parameters as folic acid.
In the products tested, folate reduction due to 
canning and storage ranged from 60 to Q 0 % . Nutritionally, 
folate losses in tomatoes do not seemingly constitute 
a serious dietary problem since canned tomatoes and tomato 
products are not exceptional sources of folates and are 
universally utilized as taste enhancers and often are 
consumed as a main vegetable dish. Okra and cowpeas, 
however, are consumed, particularly in the Southern parts 
of the United States, as primary vegetables. Canning of
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those products would therefore tend to create condi­
tions where borderline deficiencies might become apparent 
if other dietary sources fail to supply the extra folates.
SUMMARY AMD CONCLUSIONS
The effect of canning and storage on folate content 
of cowpeas (blackeyed peas), okra (var. Texas Baby), and 
tomatoes (var. Pelican) were examined. Folate retention 
patterns in the presence of 1 and 2 mg ascorbic acid per ml 
canning liquor were also included. For data collection 
purposes, the folate content of endive, peanut butter, 
cauliflower, bananas, carrots, yellow onions, pineapple, 
lemon, bell pepper, and red plums were also assayed using 
L.casei 7469 as a test organism.
During the canning of cowpeas, okra, and tomatoes, 
considerable losses of folate compounds took place. Losses 
associated with canning were 46.39$ for control, 46.61?S for 
1 mg and 38.47$ for 2 mg/ml ascorbic acid treated cowpeas. 
Canning reduced the folate content of okra by 44.88$ for 
control, 43.13$ for 1 mg and 40,69$ for 2 mg/ml treated 
samples. In tomatoes, the reduction of folate compounds was 
57.02$ for controls, 49-53$ for 1 mg, and 47-22$ for 2 mg/ml 
ascorbic acid treated samples.
Addition to the canning liquor of ascorbic acid in levels 
of 1 mg/ml offered partial folate protection only in tomatoes, 
whereas concentrations of 2 mg/ml protected the folates in 
all three products during canning. Storage time steadily 
reduced the folate levels in control and 1 mg, and 2 mg/ml 
ascorbic acid treated cowpeas during the first 59 days.
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Losses at the end of this period were 75.03$ for control, 
68.66$ for 1 mg, and 76.76$ for 2 mg/ml ascorbic acid 
treated samples. Subsequent storage for 153 days did not 
appreciably reduce the folate content in any of the three 
groups of cowpeas. Ascorbic acid'in levels 1 and 2 mg/ml 
preserved the light color of cowpeas throughout the storage 
period, and was contrasted with the brown color developed' 
in control cowpeas. Combined losses due to processing and 
storage were 78.84$ for the controls, 77-19$ for 1 mg, and 
75*06$ for 2 mg/ml ascorbic acid treated cowpeas. Storage 
decreased the folate content of untreated okra. Losses, 
occuring steadily for the first 79 days of storage, were 
66.28$. No appreciable losses were observed during the 
remaining storage period. Assays of okra treated with 1 
and 2 mg/ml ascorbic acid did not reveal significant folate 
destruction during 158 days of storage. Combined losses 
due to processing and storage were 72.33$ for the control, 
48.15$ for 1 mg, and 41.98$ for 2 mg/ml ascorbic acid treated 
okra. As observed in cowpeas, ascorbic acid in levels 1 and 
2 mg/ml preserved the fresh, light color of okra, whereas 
the control turned dark brown during storage. One hundred 
and fifty eight days of storage did not influence the folate 
content of control and ascorbic acid treated tomatoes.
Assays conducted during the storage period reflected a fluc­
tuation of values around their mean rather than folate gains 
or losses. Again, the low levels of ascorbic acid employed
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employed rendered a lighter color in the tomato canning 
juice when compared with the control, due to its antioxidant 
properties. Combined losses due to processing and storage ' 
were 60.62% for the control, 45.79% for 1 mg, and 42.46% 
for 2 mg/ml ascorbic acid treated tomatoes.
Folate losses measured during processing and storage 
suggest that additional research is needed to establish 
patterns of folate destruction in other foods as well.
Such works would lead to logical conclusions as to folate 
content that should be reported on food labels. They would 
also benefit segments of the population where folate intake 
is marginal. This is particularly significant for foods 
which constitute basic ingredients of dietary regimes as 
is the case with cowpeas and okra in the southern parts of 
the United States and in areas of Africa, for instance.
Folate losses occuring during processing and storage of 
tomatoes, or other foods in the same utility class, are not 
of nutritional significance because processed tomatoes are 
universally used mainly as taste enhancers, rather than 
dietary staples. The positive affect of ascorbic acid in 
preserving some of the folate content of foods should be 
weighed against its application costs. However, additional 
benefits of ascorbate application, such as color preservation 
and psychological appeal to consumers, should not be over­
looked if such use is to be considered.
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Abbreviations Used in Tables I, - X,b
Oil: Grams of sample diluted to X ml dilution
A: Cowpeas
B : Okra
C: Tomatoes
Subscripts: n= no ascorbic acid added
1= lmg/ml ascorbic acid added 
2= 2mg/ml ascorbic acid added
buffer
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Table ' Absorbance of Different Folic Acid Concentrations
as Assayed by the Response of L .casei 7469
ml/tube ng F.A./tube Absorbance 
U 1 jt 2
Mean S.D.
0.1 0.08 0.290 0.31^ 0.302 0.017
0.3 0.24 0.463 0. 461 0. 462 0.001
0.5 0.40 0.544 0.588 O .566 0.031
0.7 0. 56 0.676 0.692 0.684 0.011
0.9 0.72 0.780 0.795 0.787 0.010
1.2 0.96 0.856 0.883 0.869 0.019
1.5 1.2 0.964 0.938 0.951 0.018
1.8 1.44 0.915 0.985 0.950 0.049
2.2 1.76 1.135 1.179 1.157 0.031
2.6 2. 08 1.260 1.309 1.2845 0.034
3.0 2. 40 1.327 1.349 1.338 0.015
3.5 2. 80 1.497 1.518 1.507 0.015
4.0 3.2 1.581 1.586 1.583 0.003
4.5 3 • 6 1.703 1.684 1.693 0.013
5.0 4.0 1.748
BLANK
1.761 1.754 0.009
0.0 0.00 0.142 0.178 0.160 0.025
Figure I. Standard Folic Acid Curve
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Table II Absorbance of Different Folic Acid Concentrations
as Assayed by the Response of L .casei 7469
ml/tube ng F.A./ tube Absorbance Mean S.D.
#1 £2
0.1 0.08 0.326 0.362 0.344 0.025
0.3 0.24 0.503 0.509 0.506 0. 004
0.5 0.24 0.059 0.633 0.614 0 . 027
0.7 0.56 0.745 0.721 0.733 0.017
0.9 0.72 0.841 0.838 0.839 0 . 002
1.2 o .' 96 0.916 0.933 0.924 0. 012
1.5 1.2 1.029 0.992 1.010 0.026
1.8 1.44 1.060 1.081 1.075 0.015
2.2 1.76 1.170 1.212 1.191 0.029
2.6 2.08 1.292 1.344 1.318 0.036
3-0 2.40 1.341 1-359 1.350 0.012
3.5 2.8 1 . 494 1.490 1.492 0.003
4.0 3.2 1.541 ' 1.600 1.570 0 .042
4.5 3.6 1.637 1.711 1.674 0.052
5.0 _ 4.0 1.712
BLANK
1.729 1.720 0.012
0.0 0.00 0.181 0.210 0.201 0. 014
Figure II. Standard Folic Acid Curve
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Table III- Absorbance of Different Folic Acid Concentrations
as Assayed by the Response of L.casei 7469
ml/tube ng F.A./tube Absorbance Mean S.D.
#1 #2
0.1 0 . 0 8 0.242 0. 225 0.233 0.12
0.3 0.24 0.330 0.316 0.323 0.009
0.5
o-jo 0 . 4 3 8 0.429 0.433 0.006
0.7 0.56 0.538 0.560 0. 549 0.015
0.9 0.72 0.628 0.654 0.641 0 . 0 1 8
1.2 0.96 0.718 0.732 0.725 0.009
1.5 1.2 0.870 0.850 0 . 8 6 0 0. 014
1.8 1.44 0 . 9 2 0 0.935 0 . 9 2 7 0.010
2.2 1.76 1 . 0 7 0 1.060 1.065 0.007
2.6 2.08 1.240 1.143 1.191 0.068
3.0 2.4 1.280 1.110 1.195 0.120
3.5 2.8 1.202 1.290 1.246 0.062
4.0 3.2 1.440 1.480 1.460 0 . 0 2 8
4.5 3.6 1.460 1.445 1.452 0. 010
5.0 4.0 1.540 - 
BLANK
1.538 1.539 0.001
0.0 0.00 0..137 0.147 0.142 0 . 0 0 7
Figure III. Standard Folic Acid Curve
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Table IV Absorbance of Different Folic Acid Concentrations
as Assayed by the Response of L .casei 7469
ml/tube ng F.A./tube Absorbance 
#1 #2
Mean S ,D.
0.1 0. 08 0.581 0.658 0.619 0.054
0.3 0.24 0.710 0.726 0.718 0.011
0.5
o
*
o
0.837 0.878 0.857 0.029
0.7 0.56 0. 962 0.974 0.968 0.008
0.9 0.72 1.039 1.053 1.046 0.010
1.2 0.96 1.240 1.164 1.202 0. 054
1.5 1.2 1.301 1.276 1.288 0.017
1.8 1.44 1.340 1.389 1.364 0.034
2.2 1.76 1.487 1.508 1.497 0.015
2.6 2.08 1.616 1.'615 1.615 0.000
3.0 2.4 1.681 1.675 1.678 0.004
3.5 2.8 1.787 1.723 1.755 0.045
4.0 3.2 1.866 1.835 1.850 0.022
4.5 3.6 1.947 1.918 1.932 0.020
5.0 4.0 1.976
BLANK
1.982 1.979 0.004
0.0 0. 00 0. 412 0.482 0.451 0.043
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Figure IV. Standard Folic Acid Curve
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Table V Absorbance of Different Polic Acid Concentrations
as Assayed by the Response of L.casei 7469
ml/tube ng P.A./tube Absorbance 
#1 §2
Mean S.D.
0.1 0.08 0.240 0.216 0.228 0.017
0.3 0.24 0.345 0.328 0.336 0. 012
0.5 0.40 0.451 0.455 0.453 0.003
0.7 0.56 0.515 0.525 0.520 0.007
0.9 0.72 0.626 0.580 0.603 0.032
1.2 0.96 0.680 0.694 0.687 0.010
1.5 1.2 0.868 0.825 0.846 0.030
1.8 1.44 0.972 1.005 0 . 988 0.023
2.2 1.76 1.103 1.094 1.098 0.006
2.6 2.08 1.150 1.125 1.137 0.017
3.0 2.4 1.120 1.190 1.155 0. 049
3.5 2.8 1.112 1.294 1.203 0.128
4.0 3.2 1.190 1.428 1.309 0.168
4.5 3-6 1.340 1.503 -1.421 0.115
5-0 4.0 1.514
BLANK
1.630 1.572 0.082
0.0 0.00 0.120 0.140 0.130 0.014
Figure V. Standard Folic Acid Curve
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Table VI Absorbance of Different Folic Acid Concentrations
as Assayed by the Response of L.casei 7469
ml/tube ng F.A./tube Absorbance
#1
Mean S.D.
0.1 0.08 0.186 0.189 0.187 0.002
0.3 0.24 0.317 0.323 0.320 0.004
0.5 0.40 0.424 0.490 0 . 457 0.046
0.7 0.56 0.511 0.553 0.532 0.029
0.9 0.72 0.597 0.620 0.608 0. 016
1.2 0. 96 o .707 0.742 0.724 0.025
1.5 1.2 0.820 0.822 0.821 0. 000
1.8 1.44 0.950 0.936 0.943 0.010
2.2 1.76 1.015 0.970 0.968 0. 034
2.6 2.08 1. 090 1.042 1. 066 0.034■
3.0 ■ 2.4 1.161 1.125 1.143 0.025
3-5 2.8 1.210 1.210 1.210 C.000
4.0 3.2 1.190 1.242 1.216 0.037
4.5 3.6 1.242 1.284 1.263 0.029
5.0 4.0 1.298
BLANK
1.320 1.309 0.015
0.0 0.00 0.122 0.119 0.120 0.002
Figure VI. Standard Folic Acid Curve
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Table VII Absorbance of Different Folic Acid Concentrations
as Assayed by the Response of L.casei 7469
ml/tube ng F.A./tube Absorbance 
#1 #2
Mean S.D.
0.1 0.08 0.079 0.088 0.083 0.006
0.3 0.24 0.188 0.203 0.195 0. 010
0.5 0.40 0.330 0.322 0.326 0.005
0.7 0.56 0. 477 0.450 0.463 0 . 019
0.9 0.72 0.530 0. 526 0.528 0.003
1.2 0.96 0.628 0.659 0.643 0. 022
1.5 1.2 0.695 0.690 0.692 0.003
H * CD 1.44 0.817 0.825 0.821 0.005
2.2 1.76 0. 904 0.895 0.899 0.006
2.6 ' 2.08 0.963 0.964 0.963 0.000
3-0 2.4 1.007 1.004 1.005 0.002
3.5 2.8 1.034 1. 046 1.040 0.008
4.0 3-2 1.030 1.088 1.059 0.041
4.5 3.6 1.084 1.111 1.097 0.019
5.0 4.0 1.120 1.150 1.135 0. 021
BLANK
0.0 0.00 0.032 0.034 0.033 0.001
Figure VI±. Standard Folic Acid Curve
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Table VIII Absorbance of Different Folic Acid Concentrations
as Assayed by the Response of L.casei 7469
ml/tube ng. F.A./tube Absorbance Mean S.D.
#1 #2
0.1 0.08 0.160 0.139 0.149 0.015
0.3 0 . 24 0.298 0.240 0.269 0.041
0.5 0 . 40 0.424 0.415 0.419 0.006
0.7 0 . 56 0.513 0.490 0.501 0.016
0.9 0.72 0.598 0.568 0.583 0.021
1.2 0.96 0.689 0.660 0.674 0.020
1.5 1.2 0.763 0.712 0.737 0.036
1.8 1.44 0.792 0. 801 0.013
2.2 1.76 0.870 0. 862 0.866 0.005
2.6 2.08 0.841 O .966 0.903 0.088
3.0 2.4 0.955 1.050 1.002 0.067
3-5 2.8 1.085 1.101 1-093 0.011
4.0 3.2 1.116 1.200 1.158 0.059
4.5 3.6 1.385 1.330 1.357 0.039
5.0 4.0 1.385
BLANK
1.410 1.397 0.017
0.0 0.00 0. 047 0.050 0. 048 0. 002
Figure ViII. Standard Folic Acid Curve
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Table j.X„ Absorbance of Different Folic Acid Concentrations
1:1 as Assayed by the Response of L.casei 7469
ml/tube ng F.A./tube Absorbance Mean S.D.
#1 £2
0.1 0.08 0. 218 0.198 0.208 0.014
0.3 0.24 0.350 0.349 0.349 0.000
0.5 o • -t=
"
o 0. 495 0.503 0 . 499 0.005
0.7 0.56 0.575 - 0.575 -
0.9 0.72 0.680 0.635 0.657 0.031
1.2 0.96 O'. 818 0.780 0.799 0. 026
1.5 1.2 0.880 0.860 0.870 0.014
1.8 1.44 1.010 0.974 0.992 0.025
2.2 1.76 1.116 1.097 1.106 0.013
2.6 2.08 1.184 1.230 1.207 0.032
3.0 2.40 1.414 1.323 1.381 0.082
3.5 2.80 1.424 1.383 1.403 0.029
4.0 3.2 1.540 1.510 1.525 0.021
4.5 3-6 1.600 1.643 1.621 0.030
5.0 4.0 1.730 1.720 1.725 0.007
BLANK
0.0 0.00 0.127 0.125 0.126 0.001
Figure IX. Standard Folic Acid Curve
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Table Absorbance of Different Folic Acid Concentrations
as Assayed by the Response of L .casei 7469
ml/tube ng P.A./tube Absorbance Mean S.D.
Jii Ji orr 1 tr c
0.1 0.08 0.155 0.178 0.166 0.016
0.3
<M•O 0.262 0.299 0.280 0.026
0.5
o•o 0.440 0. 428 0.434 0.008
0.7 0.56 0.510 0.537 0.523 0.019
0.9 0.72 0.612 0.590 0.601 0.015
1.2 0 . 96 0.685 0.695 0.690 0.007
1.5 1.2 0.748 0.775 0.761 0.019
1.8 1.44 • 0. 842. 0.811 0.826 0.022
2.2 1.76 0.865 0.881 0.873 0.011
2.6 2.08 0.901 0.922 0.911 0.015
3-0 2.4 1. 002 1.035 1. 018 0.023
3-5 2.8 1.085 1.094 1.090 0.007
4.0 3.2 1.195 1.158 1.178 0.026
4.5 3-6 1. 240 1.311 1.275 0.050
5-0 4.0 1.380
BLANK
1.410 1.395 0.021
0 . 0 0.00 0.068 0 ..072 0.070 0.003
Figure X. Standard Folic Acid Curve
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Table 1^ Absorbance of Folate Concentration’' in Raw
Cowpeas, Okra, and Tomatoes as Assayed in
the Response of L.casei 7469
Dil T O o o  A °-5 ml 1.0 ml 2.0 ml •4.0 ml
Abs. 0.447,0.475 0.643,0.721 0.931,0.969 1.848
Mean, S.D. 0.461,0.019 0.682,0.055 0.950,0.026 1.848
Av.ng F .A ./ 
tube 0.245 0.57 1.21 —
Av.ug F .A ./
100 g w.w. 423.071 448.946 521.776 —
Dil I f M o ®  a °-5 ” 1 1.0 ml 2.0 ml 4.0 ml
Abs. 0.898,0.971 1.286,1.468 — —
Mean, S.D. 0.934,0.051 1.377,0.128 — .—
Av.ng F.A./ 
tube 1.16 2.45
Av.ug F.A./
100 g w.w. 399.702 422.387
Dil ffifeo2 B °-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.390,0.386 0.576,0.596 1.020,0.932 1.506,1.4<
Mean, S.D. 0.388,0.003 0.586,0.014 0.976,0.062 ,1.490,0.0;
Av.ng F.A./ 
tube 0.17 0.40 1.275 2.826
Av.ug F.A./
100 g w.w. 33-663 39.603 63.118 69.950
^Values based on Standard Curve Figure I (cont'd )
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Table 1^ (cont'd)
Dil I t m s 2 c °-5 ml 1.0 ml 2.0 ml 4 . 0 ml
Abs. 0.232,0.220 0.378,0.392 0*475,0.509 0.778, 0.761
Mean,S.D. 0.226,0.008 0.385,0.010 0.492,0.024 0.770, 0.012
Av.ng F.A./ 
tube — 0.172 0.28 0.747
Av.ug F.A,./ 
100 g w.w. 16.328 13.270 17*701
* Values based on Standard Curve Figure I
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Table 11^ Absorbance of Folate Concentration* in Canned
Cowpeas, Okra, and Tomatoes, 2 Days After Pro­
cessing, as Assayed by the Response of L.casei 7469
Dil 2,0006An 0-5 ml 1.0 ml
0OJ ml
Abs. 0.936,0.998 1.391,1.430 —
Mean, S.D. 0.967,0.044 1.410,0.027 —
Av.ng F.A./ 
tube 1.08 7.52 —
Av.ug F.A./
100 g w.w. 219.289 255.837 —
Dil i t S l o ^ i  °-5 ml 1.0 ml
0C\J ml
Abs. 1.010,1.039 1.311,1.295 —
Mean, S.D. 1.024,0.020 1.303,0.011 —
Av.ng F.A./ 
tube 1.25 2.18 --
Av.ug F.A./
100 g w.w. 252.525 220.202 —
Dil — *-^ ®-=-A 0 5 ml 2,000 2 0  x 1.0 ml 2.0 ml
Abs. 0.978,1.058 1.492,1.537 —
Mean, S.D. 1.018,0.056 1.154,0.032 — •
Av.ng F.A./ 
tube 1.24 2.93 —
Av.ng F.A./
100 g w.w. 249.430 295.959 —
*Values based on Standard Curve Figure II (cont1d)
10°
Table II. (cont'd)
D11 o m 5®11 °-5 ml 1. 0 ml 2.0 ml
Abs. 0.412,0.408 0.580,0.562 —
Mean, S.D. 0.410,0.03 0.575,0.013 —
Av.ng F.A./ 
tube 0.135 0.309 —
Av.ug F.A./
100 g w.w. 26.529 30.334 —
D11 l r ^ Bl 0-5 >”1 1.0 ml 2.0 ml
Abs. 0.409,0.379 0.612,0.601 —
Mean, S.D. 0.394,0.021 0 .606,0.06
A v .ng F.A./ 
tube 0.12 0.36 —
A v .ug F.A./
100 g w.w. 23.683 35.049 —
Dil 2,000 S2 ml 1.0 ml 2.0 ml
Abs. 0.383,0.419 0.608,0.596 —
Mean, S.D. 0.401,0.025 0.602,0.008 —
Av.ng F.A./ 
tube 0.125 0.350 —
Av.ug F.A./
100 g w.w. 25.449 35.626 —
^Values based on Standard Curve Figure II (cont'd)
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Table 11^ (cont'd)
2.00 g„ 
Dl1 1,000 cn 0.5 ml 1.0 ml 2.0 ml
Abs. 0.323 ,0.300 0.412,0.406 0.595,0.590
Mean, S.D. 0.314 ,0.020 0.409,0.004 0.592,0.003
Av.ng F.A./ 
tube 0.06 0.13 0. 34
Av.ug F.A./ 
100 g w.w. 6. 000 5.800 8. 500
Dil ^D11 1,000 0-L 0.5 ml 1.0 ml 2.0 ml
Abs. 0.339 ,0.340 0.412,0.444 0.601,0.618
Mean, S.D. 0.339 ,0.000 0.428,0.022 0.609,0.012
Av.ng F.A./ 
tube 0.068 0.147 .0.37
A v .ug F.A./ 
100 g w.w. 6.99 4 7 .290 9.585
Dil — Sc 1,000 u2 0.5 ml 1.0 ml 2.0 ml
Abs . 0.353 ,0.391 0.431,0.452 0.598,0.636
Mean, S.D. 0.372 ,0.026 0.441,0.015 0.617,0.027
Av.ng F.A./ 
tube 0.086 0.166 0.038
Av.ug F.A./ 
100 g w.w. 7.863 7.834 9.268
s Values based on Standard Curve Figure II
I l l
T a b le  I I I ^  Absorbance o f  F o la te  C o n c e n tra t io n *  in  Canned
Cowpeas, Okra, and Tomatoes Stored for 21 Days*
as Assayed by the Response of L .casei 7469
Dil 0 •5 ml
1.0 ml 2.0 ml
Abs . 0.610,0.596 0.875,0.870 1.195,1.213
Meanj S.D. 0.603,0.010 0.872,0.003 1.204,0.013
Av.ng F.A./ 
tube 0.675 1.31 2.36
Av.ug F.A./ 
100 g w . w . 134.825 131*731 118.046
Dil  ^ ~— &A 2.500 A1 0.5 ml 1. 0 ml 2. 0 ml
Abs. 0.585,0.558 0.859,0.820 1.315,1.311
Mean^ S.D. 0.571,0.019 0.839,0.027 1.313,0.003
A v .ng F.A./ 
tube 0.62 1.22 2.86
Av.ug F.A,/ 
100 g w.w. 122.529 120.553 143.304
Dil ^ ^  ^ ®Au ± ± 2 3 500 r2
Abs. 0.544,0.600 0 .895,1.000 1.250,1.306
Mean, S.D. 0.572,0.039 0.947,0.074 1.278,0.039
Av.ng F.A./ 
tube 0.62 1.50 0.269
Av.ug F.A./ 
100 g w.w. 124.558 150.602 135.080
* Values based on Standard Curve Figure ±11 (cont' d)
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T a b le  I I I ^  ( c o n t ’ d)
Dil ii§ijs£ B n  °-5 ral 1.0 ml 2.0 ml
Abs . 0.220,0.287 0.380,0.365 0.545,0.537
Mean, S.D. 0.253,0.048 0.372,0.010 0.541,0.005
A v .ng F.A./ 
tube 0.12 0. 237 0.55
Av.ug F.A./ 
100 g w.w. 16.161 15.535 18.518
Dil g 2 
2,000 r^  0.5 ml 1.0 ml 2 .0 ml
Abs. 0.352,0.334 0.492,0.530 0.788,0.801
Mean, S.D. 0.343,0.013 0.511,0.027 0.794,0.009
Av.ng F.A./ 
tube 0.23 0. 50 1.11
Av.ug F.A./ 
100 g w.w. 29-148 31.265 34.713
nil 3:3_3._gg 
2,000 C 2 0.5 ml 1.0 ml 2.0 ml
Abs. 0.341,0.352 0.544,0.545 0.741,0.815
Mean, S.D. 0.346,0.008 0.544,0.000 0.778,0.052
Av.ng F.A./ 
tube 0.233 0.56 1.07
Av.ug F.A./ 
100 g w.w. 27.985 33-748 32.045
* V a lu e s  based on S ta n d a rd  Curve F ig u re  I I I ( c o n t ' d )
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Table (cont'a)
Dil °'5 ml 1.0 ml 2.0 ml
Abs . 0.253,0.258 0.325,0.391 0.620,0.644
Mean, S.D. 0.255,0.003 0.356,0.046 0.632,0.017
Av.ng F.A./ 
tube 0.115 0.25 0.74
Av.ug F.A./ 
100 g w.w. 4.620 5.080 6. 905
D U
1,000 0.5 mlt 1.0 ml 2.0 ml
Abs . 0.293,0.315 0.412,0.432 0.738,0.764
Mean, S.D. 0.304,0.015 0.422,0.014 0.751,0.018
Av.ng F.A./ 
tube 0.18 0.35 1.00
Av.ug F.A./ 
100 g w.w. 7.062 6.809 9.688
Q-i i 5,: P.5 .Sg 
1,000 2 0.5 ml 1.0 ml 2.0 ml
Abs. 0.422,0.356 0.553,0.578 0.857,0.865
Mean, S.D. 0.389,0.046 0.565,0.017 0.861,0.005
Av.ng F.A./ 
tube 0.294 0. 60 1.30
Av.ug F.A./ 
100 g w.w. 11.665 11.851 12.940
^Values based on Standard Curve Figure III
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Table IV. Absorbance of Folate Concentration* in Canned
Cowpeas, Okra, and Tomatoes Stored for 40 days,
as Assayed by the Response of L.easel 7469
Di1 1•16 , g »
2,500 R n 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0 -532,0.530 0.577,0.600 1.132,1.163 1.549,1.62
Mean, S.D. — — 1.150,0.025 1.583,0.05
Av.ng F.A./ 
tube — — 0.90 1.995
Av.ug F.A./ 
100 g w.w. — — 96.983 107.246
Dil -gn
u x ±  2,500 al 0.5 ml 1.0 ml 2.0 ml 4.0 ml
A b s . 0 .510,0.516 0.618,0.623 1.180,1.208 1. 601,1.66
Mean, S.D. — — 1.194,0.020 1.632,0.04
Av.ng F.A./ 
tube — — 0.99 2. 22
Av.ug F.A./ 
100 g w.w. — — 109.513 122.787
nil - : ^-7_gfl
U;L- 2,500 a 2 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0 -495,0.455 0.587,0.606 1.211,1.283 1. 625,1.71
Mean, S.D. — — 1.247,0.051 1.669,0.06
Av.ng F.A./ • 
tube — — 1.08 2.38
Av.ug F.A./ 
100 g w.w. — — 115-384 127.137
* Values based on Standard Curve Figure IV (cont1 d)
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Table IV, (cont'a) b
Dll  ^ — ^Bn u ± ±  2 ,000 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Ab s . 0 .156,0.175 0.373,0.383 0.829,0.801 1.047,1.05
Mean, S.D. — — 0.815 1.0525
Av.ng F.A./ 
tube — — 0.32 0.70
Av.ug F.A./ 
100 g w.w. — — 15.686 17-156
ni1 2.05 Kt-. 
Dil 2,000 1 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0 •336,0.350 0.497,0.510 0.820,0.843 1.267,1.19
Mean, S.D. — — 0.8315 1.228
Av.ng F.A./ 
tube — — 0.345 1.066
Av.ug F.A./ 
100 g w.w. — — 16.609 26.000
•pi j *i 2 . 08 gp 
1311 2,000 2 0.5 ml 1.0 ml 2.0 ml 4 .0 ml
A bs. 0 .331,0.317 0.495,0.482 0.819,0.868 1.221,1.25
Mean, S.D. — — 0.849 1.235
Av.ng F.A./ 
tube — — 0-37 1.08
Av.ug F.A./ 
100 g w.w. — — 17.788 25.961
^V a lu es  based on S ta n d a rd  Curve F ig u re  IV ( cont  fd)
116
T a b le  IV fo ( c o n t ' d )
Oil — '  ^ pQp 
u x ± 2,000 on 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. — — 0.450,0.429 0.774,0.80
Mean, S.D. — — — 0.787,0.02
Av.ng F.A./ 
tube — — — 0.285
Av.ug F.A./ 
100 g w.w. — — — 7 .460
Dil 1,000 Cn 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0 .412,0.422 0.447,0.432 0.751,0.727 —
Mean, S.D. — — 0.739,0.017 —
Av.ng F.A./ 
tube — — 0.23 —
Av.ug F.A./ 
100 g w.w. — — 6.117 —
Dil ^U11 2,000 “1 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. — — 0.525,0.560 0.855,0.88
Mean, S.D. — — — 0.869,0.02
Av.ng F.A./ 
tube — — — 0.403
Av.ug F.A./ 
100 g w.w. — — — 10.125
#V a lu es  based on S ta n d a rd  Curve F ig u r e  IV (contTa)
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T a b le  IV^ ( c o n t ' d )
1 . QO o-
D11 I T W o ^ i 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Ab s . 0. 418,0.410 0.583,0.552 0.792,0.818 —
Mean, S.D. — — 0.805,0.018 —
Av.ng F.A./ 
tube — — 0.30 —
Av.ug F.A./ 
100 g w.w. — — 7.537 —
D11 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. — — 0. 480,0.557 0. 809,0.8(
Mean, S.D. — — — 0.837,0.0'
Av.ng F.A./ 
tube — — — 0.365
Av.ug F.A./ 
100 g w.w. — — — 8.879
2.03 gr 
Dl1 1,000 2 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. • 0. 425,0. *426 0.548,0.518 0.770,0.788 —
Mean, S.D. — — 0.779,0.013 —
Av.ng F.A./ 
tube — — 0.27 —
Av.ug F.A./ 
100 g w.w. — — 6.650 —
*  V a lu es  based on Standard- Curve F ig u re  IV
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T a b le  V, Absorbance o f  F o la te  C o n c e n tra t io n -  in  Canned
Cowpeas, Okra, and Tomatoes Stored for 59 Days,
as Assayed by the Response of L.easel 7469
JJ1“ 3,000 A 0.5 til 1.0 ml 2.0 ml 4.0 ml
Abs . — 0.404,0.350 0.732,0.690 1.025,0.95
Mean, S.D. — 0.377,0.038 0.711,0.030 0.987,0.05
Av.ng F.A./ 
tube — 0.27 0.94 1.70
Av.ug F.A./ 
100 g w.w. — 42.187 73.437 66.328
1.92 
iJ1± 1,500 an 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs . — 0.705,0.670. 0.818,0.980 1.188,1.16
Mean, S.D. — 0.687,0.025 0.929,0.072 1.174,0.02
Av.ng F.A./ 
tube — 0.88 1.52 2.35
Av.ug F.A./ 
100 g w.w. — 68.750 59-375 45.781
Dil 1*90—
3,000 al 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. — 0.520,0.425 0.720,0.685 1.183,1.21
Mean, S.D. — 0.472,0.067 0.702,0.025 1.196,0.19
Av.ng F.A./ 
tube — 0.42 0.915 2.43
Av.ug F.A./ 
100 g w.w. — 66.316 72.237 95.921
*V a lu e s  based on S ta n d a rd  Curve F ig u re  V ( c o n t ' d )
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Table V, (cont'd)D
u 1,500 A1 0.5 ml 1.0 ml 2. 0 ml 4.0 ml
Abs . — 0.732,0.695 1.080,1.142 1.195,1.31
Mean, S.D. — 0.713,0.026 1.111,0.044 1.252,0.08
Av.ng F.A./ 
tube — 0.95 2.11 2.64
Av.ug F.A./ 
100 g w.w. — 75-000 83.289 52.105
Dil P-*93 gn 
3,000 2 0.5 ml 1.0 ml 2.0 ml -
Ct O 3 i_j
Abs. — 0.476,0.487 0.740,0.670 0.885,0.98
Mean, S.D. — 0.481,0.008 0.705,0.049 0.936,0.72
Av.ng F.A./ 
tube — 0 .436 0.918 1.55
Av.ug F.A./ 
100 g w.w. — 67-772 71.347 60.414
Dil ^ • 93_g^
u 1 1.500 2 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. — 0.717,0.680 0.960,0.916 1.340,1.61
Mean, S.D. — 0.698,0.026 0.939,0.032 1.475,0.19
Av.ng F.A./ 
tube — 0.91 1.555 3.58
Av.ug F.A./ 
100 g w.w. — 70.725 60.427 69-560
* V a lu e s  based on S ta n d a rd  Curve F ig u re  V (cont'd)
120
T a b le  ( c o n t ' d )
n.1] 1.96 Spn 
0x1 2,100 Bn 0-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. — 0.260,0.198 0.346,0.358 0 .502,0.51
Mean, S.D. — 0.229,0.044 0 .352,0.008 0.505,0.00
Av.ng F.A./ 
tube — 0,088 0.23 0.485
Av.ug F.A./ 
100 g w.w. — 9. 428 12.321 13.018
Dil Ssn 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. — 0.309,0.293 0.549,0.668 0.-888,0.84
Mean, S.D. — 0 .301,0 .Oil 0.608,0.084 0.863,0.03
Av.ng F.A./ 
tube — 0.165 0.692 1.33
Av.ug F.A./ 
100 g w.w. — 7-997 16.940 16.116
n-n 2 -lJ4 Sp 
Dj'1 2,100 1 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. — 0.326,0.350 0.575,0.510 0.838,0.81
Mean, S.D. — 0.335,0.021 0.542,0.046 0 .822,0.02
Av.ng F.A./ 
tube — 0.215 0.553 0.123
Av.ug F.A./ 
100 g w.w. — 21.210 27.133 30.100
* V a lu es  based on S tan d ard  Curve F ig u re  V ( c o n t ' d )
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T a b le  ( c o n t ' d )
p . ,  2.21 gp 
Dl1 2,100 2 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs . — 0.357,0.387 0.495,0.549 0.750,0.88
Mean, S.D. — 0.372,0.021 0.522,0.038 0.813,0.09
Av.ng F.A./ 
tube — 0. 24 0.52 1.202
Av.ug F.A./ 
100 g w.w. — 22.918 24.574 28.568
Dil % | f £ B 2 0.5 ml 1.0 ml 2.0 ml 4. 0 ml
Abs . — 0.468,0.498 0.725,0.842 1.210,1.23
Mean, S.D. — 0.483,0.021 0.783,0.083 1.222,0.17
Av.ng F.A./ 
tube —
i
0.44 1.13 2.55
Av.ug F.A./ 
100 g w.w. — 19-003 25.335 27.430
Dil -i-iAZ— &Cn 
1,000 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs . — 0.145,0.112 0.390,0.360 0.525,0.50
Mean, S.D. — 1.285,0.023 0.375,0.021 0.513,0.02
Av.ng F.A./ 
tube — — 0.27 0.50 •
Av.ug F.A./ 
100 g w.w. — — 6.221 5-760
s V a lu e s  based on S ta n d a rd  Curve F ig u re  V ( c o n t ' d )
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T a b le  V.D ( c o n t ' d )
P 1 7 o*
Dil ■ igCn 0.5 ml 
Abs.
Mean, S.D.
Av.ng F.A./ 
tube
Av.ug F.A./
100 g w.w.
1.0 ml 2.0 ml 4.0 ml
0.196,0.160 0.523,0.443 0.701,0.74 
0.176,0.025 0.483,0.056 0.722,0.30
0.45
5.226
0.97
5-571
D;L1 iLi.-lA gg 
1,000 ^1
Abs.
Mean, S.D.
Av.ng F.A./ 
tube
Av.ug F.A./ 
100 g w.w.
0.5 ml 1.0 ml 2.0 ml 4.0 ml
0.180,0.196 0.382,0.377 0.590,0.59 
0.188,0.011 0.379,0.003 0.592,0.00
0.275
6. 425
0.66
7.710
Dil .Sc^ 0.5 ml 
Abs.
Mean, S.D.
Av.ng F.A./ 
tube —
Av.ug F.A./
100 g w.w. —
1. 0 ml 2.0 ml 4.0 ml
0.187,0.202 0.542,0.586 0.807,0.80 
0.194,0.010 0.564,0.031 0.806,0.00
0 .60
7 .009
1.19
6.950
* V a lu es  based on S tan d ard  Curve F ig u re  V (cont'd)
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Table (cont'd)
Dil  ^ ^UX1 1,000 2 0.5 mi 1.0 ml 2.0 ml 4.0 ml
Abs . — 0.155,0.420 0.495 0.682
Mean, S.D, — 0.137,0.025 0.495 —
Av.ng F.A./ 
tube — — 0.46 0.86
A v .ug F.A./ 
100 g w.w. — — 10.849 10.141
Dil 2.12 5q 
500 2 0.5 ml 1.0 ml 2.0 ml
1—16
0•
A b s. — 0.172,0.254 0.610 0.875,0.9!
Mean, S.D. — 0 .213,0.058 0.610 0 .911,0 .0!
Av.ng F.A./ 
tube — — 0.70 1.48
Av.ug F.A./ 
100 g w.w. — — 8.234 8.731
* Values based on Standard Curve Figure V (cont!d)
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Table VX Absorbance of Folate Concentration* in Canned
Cowpeas, Okra, and Tomatoes Stored for 79 Days,
as Assayed by the Response of L.casei 7469
Dil ~2 '500s An 0.5 ml 1.0 ml
■ 1 f" ■ ■ 1
2.0 ml 4.0 ml
Abs. 0.275,0.224 0 .480,0. 410 0 .782,0.766 1 .072,1.06
Mean, S.D. 0.249,0.036' 0.445,0.049 0.744,0.011 1 .066,0.08
Av.ng F.A./ 
tube 0.15 0.43 1.105 2.07
Av.ug F.A./
100 g w .w . 39•267 56.283 72.317 67.735
Dil f n & s ^ i  ° - 5 ml
1 .0 .ml 2.0 ml 4.0 ml
Abs. 0.405,0.330 0.604,0.590 0.944,0.930 1.160,1.25
Mean, S.D. 0.367,0.053 0.597,0.010 0 .937,0.010 1 .205,0.06
Av.ng F.A./ 
tube 0.36 0.72 1.161 2.53
Av.ug F.A./
100 g w.w. 86.957 86.957 97.222 76.388
Dil t M ^ a 2 0 ■ 5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.370,0.334 0.611,0.650 0.952,1.110 1.268,1.36
Mean, S.D. 0.352,0.025 0.630,0.027 1.031,0.112 1.314-, 0.06
Av.ng F.A./ 
tube 0.28 0.775 1.97 4.0
Av.ug F.A./
100 g w.w. 67.961 94.053 119.539 121.359
*  V a lu e s  based on S tan d ard  Curve F ig u re  V I (cont'd)
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T a b le  V I.  ( c o n t 'd )
Dil g ’QQQ^Bn 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.158,0.164 0.210,0.230 0.350,0.410 0.622,0.65
Mean, S.D. 0.161,0.004 0.220,0.14 0.380,0.042 0.634,0.02
Av.ng F.A./
tube 0.05 0.11 0.32 0.79
Av.ug F.A./
100 g w.w. 6.756 7.432 10.811 13.344
Dil g ' o o Q ^ l 0 ■ 5 ml 1. 0 ml 2 . 0 ml 4 . 0 ml
Abs. 0.291,0.284 0.510,0.474 0.750,0.795 1.160,1.19
Mean, S.D. 0.287,0.005 0.492,0.025 0.772,0.032 1.176,0.02
A v .ng F .A ./
tube 0.197 0.50 1.10 2.58
Av.ug F.A./
100 g w.w. 26.490 30.872 36.993 43.308
Dil 2 'o o oSb2 0,5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.263,0.275 0.435,0.430 0.744,0.785 1.140,1.12
Mean, S.D. 0.269,0.008 0.432,0.003 0.764,0.029 1.130,0.01
Av.ng F.A./
tube 0.17 0.406 1.075 2.38
Av.ug F.A./
100 g w.w. 21.865 26.109 34.566 38.263
* Values based on Standard Curve Figure VI (cont ?d )
T a b le  V I  b ( c o n t 'd )
Dil i,ooo~Scn ml
Abs. 0.218,0.196
Mean, S.D. 0.207,0.015
Av.ng P.A./ 
tube 0.095
Av.ug F.A./
100 g w.w. 4.082
jt| ^  C
Dil i t ^ O ^ l  °*5 ml
Abs. 0.228,0.274
Mean, S.D. 0.251,0.032
Av.ng F.A./ 
tube 0.15
Av.ug F.A./
100 g w.w. 6 .438
D11 ° - 5 ml
Abs. 0.221,0.238
Mean, S.D. 0.229,0.012
Av.ng F.A./ 
tube 0.12
Av.ug F.A./
100 g w.w. 4.938
1.0 ml
0.305,0.269 
0.287,0.025
0.19
4.047
1.0 ml
0.435,0.431
0.433,0.003
0. 405
8.691
1.0 ml
0 .380,0.372
0.376,0.005
0.32
6.584
2.0 ml
0 . 568,0.576 
0.572,0.006
0. 645
6.855
2.0 ml
0.710,0.701
0.705,0.006
0.94
10.086
2.0 ml
0.671,0.641 
0.656,0.021
0.83
8.539
4.0 ml
0-909,0.97
0.941,0.05
1.60
8.637
4.0 ml
1.115,1.13
1 .122,0.01
2.33
12.581
4.0 ml
1.040,1.04
1.039,0.00
1.95
10.031
* V a lu e s  based on S tan d ard  Curve F ig u re  V I
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Table VII. Absorbance of Folate Concentration* in Canned
Cowpeas, Okra, and Tomatoes Stored for 98 Days,
as Assayed by the Response of L .easel 7469
Dil f j i ^ A n  0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.260,0.252 0.525,0.469 0.846,0.852 1.340,1.36
Mean, S.D. 0.256,0.005 0.497,0.039 0.849,0.004 1.350,0.01
Av.ng F.A./ 
tube 0.30 0.68 1.61 ----
Av.ug F.A./
100 g w.w. 68.807 77*961 92.388 ----
Dil ■|j-|-QQSA 1 0.5 ml 1.0 ml 2.0 ml 4 .0 ml
Abs. 0.247,0.215 0.505,0.480 0.911,0.881 1.380,1.38
Mean, S.D. 0.231,0.022 0.492,0.017• 0.896,0.021 1 .383,0.00
A v .ng F .A ./ 
tube 0.26 0.66 1.78 —
Av.ug F.A./
100 g w.w. 59*633 75.688 102.060 —
Dil §7550^2 °-5 1.0 ml 2.0 ml 4.0 ml
Abs. 0.220,0.255 0.495,0.420 0 .917,0.895 1.444,1.32
Mean, S.D. 0.237,0.25 0.457,0.053 0.906,0.015 1.382,0.09
Av.ng F.A./ 
tube 0.27 0.60 1.80 —
Av.ug F.A./
100 g w.w. 63.084 70.094 105.140 —
* Values based on Standard Curve Figure VII (cont’d)
i2a
T ab le  V I I ^  ( c o n t 'd )
Dil ?*000S3n °*5 ml 1.0 ml
Abs. 0.070,0.075 0.143,0.138
Mean, S.D. 0.072,0.003 0.140,0.003
Av.ng F.A./ 
tube ’ —  0.153
Av.ug F.A./
100 g w.w. —  10.612
D U  \ ‘ ^ -§qSB1 0.5 ml 1.0 ml
Abs. 0.135,0.187 0.415,0.310
Mean, S.D. 0.161,0.037 0.362,0.074
Av.ng F.A./ 
tube 0.17 0.445
Av.ug F.A./
100 g w.w. 21.935 28.439
D U  2 * ooo^Bg 0.5 ml 1.0 ml
Abs. 0.184,0.201 0.435,0.441
Mean, S.D. 0.192,0.012 0.438,0.004
Av.ng F.A./ 
tube 0.23 0.51
Av.ug F.A./
100 g w.w. 30.129 33.045
2.0 ml
0.320,0.340
0.330,0.014
0.40
13.840
2.0 ml
0.695,0.703
0.699,0.005
1.04
33.548
2.0 ml
0 .605,0.619 
0.612,0.010
1.11
35.896
4.0 ml
0.524,0.54
0.531,0.01
1.00
17.453
4.0 ml
1.184,1.12
1.152,0.04
4.0 ml
* V a lu e s  based on S tand ard  Curve F ig u re  V I I ( c o n t !d)
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Table VTI^ (cont'd)
Dil x^S§QgCn 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0,134,0.149 0.305,0.259 0.580,0.567 1.002,0.94
Mean, S.D. 0.141,0.010 0.282,0.032 0.573,0.009 0.972,0.04
Av.ng P.A./
tube 0.14 0.32 0.804 2.25
Av.ug P.A./
100 g w.w. 5*775 6.571 8.205 11.510
Dil i-’§oQSC1 0.5 ml . 1.0 ml 2. 0 ml 4.0 ml
Abs. 0.185,0.175 0.277,0.269 0.490,0.490 1.020,1.01
Mean, S.D. 0.180,0.007 0.273,0.005 0.490,0.00 1.015,0.01
Av.ng P.A./
tube 0.19 0.32 0.66 2.52
Av.ug F.A./
100 g w.w. 8.426 7.095 7.317 13.969
Dil r ,Q§ QgC2 °-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.185,0.173 0.286,0.288 0.460,0.440 0-970,1.04
Mean, S.D. 0.179,0.00-8 0.287,0.001 0.450,0.014 1.005,0.05
Av.ng F.A./
tube 0.195 0.34 0.59 2.42
Av.ug F.A./
100 g w.w. 8.106 7.234 6.276 12.872
* Values based on Standard Curve Figure VII
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Table VIII. Absorbance of Folate Concentration* In Canned
Cowpeas, Okra, and Tomatoes Stored for 118 Days,
as Assayed by the Response of L ■easel 7469
D i l  35 g^ 
2,500 l  0 .  5 ml 1.0 ml 2.0 ml 4.0 ml
Abs . 0.320,0.280 0.440,0. 410 0.814,0.772 —
Mean, S.D. 0.301,0.027 0.425,0. 021 0.793,0.029 —
A v .ng F.A./ 
tube 0.26 0.435 0.144
Av.ug F.A./ 
100 g w.w. 55-^25 45.798 76.489 —
D i l  2•3ft—  
u ± ± 2,500 K1 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.241,0.264 0.432,0. 384 0.746,0.745 —
Mean, S.D. 0.252,0.018 0.408,0. 034 0.745,0.000 —
Av.ng F.A./ 
tube 0.207 0. 41 0.126 —
Av.ug F.A./ 
100 g w.w. 44.395 43.803 67.457 —
D U  2-39
u ± x 2,500 *2 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.316,0.280 0.449,0. 454 0.790,0.824 —
Mean, S.D. 0 .298,0.025 0.451,0. 003' 0.807,0.024 —
Av.ng F.A./ 
tube 0.26 0.48 1.49 —
Av.ug F.A./ 
100 g w.w. 54.749 56.234 78.096 —
* Values -based on Standard Curve Figure VIII (cont'd)
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Table VIIIb (cont'd)
§ * * ■
i 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs . 0.153,0.090 0.247,0.160 0.503,0.388 —
Mean, S.D. 0.121,0.041 0.203,0.061 0.445,0.081 —
Av.ng F.A./ 
tube 0.07 0.15 0.465 —
Av.ug F.A./ 
100 g w.w. 9.929 10.638 16.329 —
2.95 
Dl1 2,000 B1 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.135,0.160 0.292,0.330 0.634,0.581 —
Mean, S.D. 0.147,0.017 0.311,0.027 0.607,0.037 —
Av.ng F.A./ 
tube 0. 096 0.28 0.78 —
Av.ug F.A./ 
100 g w.w. 12.298 18.983 26.441 —
T-j j -I 2.79 gp 
Dl1 2,000 2 0.5 ml 1.0 ml 2.0 ml 4 .0 ml
Abs. 0.222,0.224 0.362,0.404 0.742,0.753 —
Mean, S.D. 0.223,0.001 0.383,0.029 0.747,0.008 —
Av.ng F.A./ 
tube 0.11 0.365 1.25 —
Av.ug F.A./ 
100 g w.w. 24.770 25.842 45.122 —
* Values based on Standard Curve Figure VIII (contTd )
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Table VIII^ (cont’d)
Dil f t M T 011 °-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs- 0.192,0.194 0.337,0.364 0.637,0.650 —
Mean, S.D. 0.193,0.001 0.350,0.019 0.643,0.009 —
Av.ng F.A./ 
tube 0.14 0.31 0.90 —
Av.ug F.A./
100 g w.w. 5-384 5-961 8.654 —
1,000 C1 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.249,0.249 0.466,0.453 0.717,0.755 —
Mean, S.D. 0.245,0.004 0.459,0.009 0.733,0.031 —
Av.ng F.A./ 
tube 0.19 0.49 1.21 —
Av.ug F.A./
100 g w.w. 7•495 9.664 11.905 —
Dil 17^50^2 °-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.225,0.277 0.385,0.392 0.716,0.698 —
Mean, S.D. 0.251,0.037 0.388,0.005 0.707,0.013 —
Av.ng F.A./ 
tube 0.20 0.38 1.11 —
Av.ug F.A./
100 g w.w. 7.871 7-436 10.844 —
* Values based on Standard Curve Figure VIII
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Table IX. Absorbance of Folate Concentration* in Canned
Cowpeas, Okra, and Tomatoes Stored for 136
Days, as Assayed by the Response of I.casei 7469
Dil |i|S_£An 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.360,0.338 0.582,0.684 0.846,0.911 —
Mean, S.D. 0-349,0.015 0.633,0.072 0.878,0.046 —
Av.ng F.A./ 
tube 0.25 0.67 1.18 —
Av.ug F.A./ 
100 g w.w. 49 .020 65.685 57.745 —
Dil  ^  ^-®-A 2,500 A1 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.375,0.379 0.630,0.616 1.021,1.123 —
Mean, S.D. 0.377., 0.003 0 .623,0.010 1.072,0.072 —
Av.ng F.A./ 
tube 0.28 0.655 1.65 —
Av.ug F.A./ 
100 g w.w. 55-410 63.984 80.512 —
Dil ■^*5.^ — '^A Uli 2,500 a2 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.427,0.425 0.693,0.691 1.210,1.164 —
Mean, S.D. 0.426,0.001 0.692,0.001 1.187,0.032 —
Av.ng F.A./ 
tube 0.355 0.77 1.95 —
Av.ug F.A./ 
100 g w.w. 68.457 75-195 95.469 —
" Values based on Standard Curve Figure IX (cont'd )
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T a b le  I X b ( c o n t 'd )
Di! 2*00QS'Bn 0 . 5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0 .177,0.215 0.246,0.220 0.459,0.401 —
Mean, S.D. 0.196,0.027 0.233,0.018 0.430,0.041 —
Av.ng F.A./ 
tube 0.06 0.10 0.37 —
Av.ug F.A./ 
100 g w.w. 7.931 6.667 12.334 —
ni1 3.04 gp 
Dl1 2,000 B1 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.301,0.292 0.440,0.488 0.598,0.653 —
Mean, S.D. 0.296,0.006 0.464,0.034 0.625,0.037 —
Av.ng F.A./ 
tube 0.18 0.41 0.66 —
Av.ug F.A./ 
100 g w.w. 23.333 26.837 21.647 —
nil 2.95 Sp 
Dl1 2,000 2 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.332,0.354 0.472,0.490 0.886,0.904 —
Mean, S.D. 0.343,0.015 0.481,0.013 0.895,0.013 —
Av.ng F.A./ 
tube 0.24 0.43 1.12 —
Av.ug F.A./ 
100 g w.w. 32.678 27.966 38.101 —
s V a lu es  based on S tandard  Curve F ig u re  IX ( c o n t ' d )
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Table IXb (cont’d)
D11 it^JO5051 °-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.267,0.225 0.353,0.362 0.635,0.669 —
Mean, S.D. 0.246,0.029 0.357,0.006 0.652,0.024 —
Av.ng F.A./ 
tube 0.11 0.26 0.705 —
Av.ug F.A./ 
100 g w.w. 4.322 4.947 6.771 —
Dil  ^ ® ^ =n D±1 1,000 °1 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.269,0.269 0.462,0.451 0.830,0.910 —
Mean, S.D. 0.269,0.00 0.456,0.007 0.870,0.056 —
Av.ng F.A./ 
tube 0.14 0.40 1.17 —
Av.ug F.A./ 
100 g w.w. 5.761 8.230 12.037 —
Dil ^ ^  ^DX1 1,000 2 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.271,0.303 0 .490,0.492 0.782,0.778 —
Mean, S.D. 0.287,0.022 0 .491,0.001 0.780,0.003 —
Av.ng F.A./ 
tube 0.16 0.455 1.16 —
Av.ug F.A./ 
100 g w.w. 6.780 9.544 12.313 —
*  V a lu es  based on S tan d ard  Curve F ig u re  IX
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Table X. Absorbance of Polate Concentration* in Canned
Cowpeas, Okra, and Tomatoes Stored for 158
Days, as Assayed by the Response of L.casei 7469
Di! f'-gfo£An 0*5 ml 1.0 ml 2.0 ml 4.0 ml
Abs . 0.311,0.357 0.528,0.556 0.715,0.807 —
Mean, S.D. 0.334,0.032 0.542,0.019 0 .761,0.065 —
Av.ng F.A./ 
tube 0.286 0.59 1.21 —
Av.ug F.A./ 
100 g w.w. 51.738 59-730 61.053 —
Dil 2*39_g. 
u±± 2,500 K ',^ 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0 .360,0.366 0 .561,0.600 0.824,0.778 —
Mean, S.D. 0 .363,0 .004 0.580,0.027 0 .801,0.032 —
Av.ng F.A./ 
tube 0.32 0.67 1.38 —
Av.ug F.A./ 
100 g w.w. 67.030 70.129 72.181 —
u ± ± 2,500 A ;2 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.415,0.382 0.582,0.594 0.802,0.854 —
Mean, S.D. 0.398,0.023 0.588,0.008 0.828,0.036 —
Av.ng F.A./ 
tube 0.368 0.68 1.50 —
Av.ug F.A./ 
100 g w.w. 75-715 70.045 77 .434 —
* Values based on Standard Curve Figure X (cont’ d)
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Table X^ (cont'd)
Dil f7 §Uo£ B n  °-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.117,0.126 0.194,0.234 0.343,0.399 —
Mean, S.D. 0.121,0.006 0.214,0.028 0.371,0.039 —
A v .ng F.A./ 
tube 0.56 0.145 0.337 —
A v .ug F.A./ 
100 g w.w. 7.519 9.821 11.333 —
D t 1 - * ^2,000 1 ■ 0.5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.246,0.298 0.452,0.518 0.606,0.661 —
Mean, S.D. 0.272,0.036 0.485,0.046 0.633,0.039 —
Av.ng F.A./ 
tube 0.215 0.495 0.78 —
Av.ug F.A./ 
100 g w.w. 28.975 33.453 26.598 —
r\^ I 3*02 gp 
D~1 2,000 2 0-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.265,0.302 0.517,0.469 0.689,0.722 —
Mean, S.D. 0.283,0.026 0.493,0.034 0.705,0.023 —
Av.ng F.A./ 
tube 0.228 0.50 ’ 1.07 —
Av.ug F.A./ 
100 g w.w. 30.157 32.987 35.743 —
* Values based on Standard Curve Figure X (cont'd)
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Table X, (cont'd)u
Dil lt§5o£cn °-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.148,0.194 0.302,0.306 0.542,0.586 —
Mean, S.D. 0.171,0.032 0.304,0.003 0.564,0.031 —
Av.ng F.A./ 
tube 0.105 0.256 0.63 —
Av.ug F.A./
100 g w.w. 4.218 5-105 6.289 —
Dil tttjSb ®0! °-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.227,0.279 0.461,0.473 0 .602,0.621 —
Mean, S.D. 0.253,0.036 0.467,0.008 0.611,0.013 —
Av.ng F.A./ 
tube 0.19 0.46 . 0.734 — —
Av.ug F.A./
100 g w .w . 7•892 9.512 7.535
D11 °-5 ml 1.0 ml 2.0 ml 4.0 ml
Abs. 0.283,0.287 0.446,0.536 0.672,0.624 —
Mean, S.D. 0.285,0.003 0.491,0.063 0.648,0.034 —
Av.ng F.A./ 
tube 0.23 0.500 0.83 —
Av.ug F.A./
100 g w.w. 9 * 283 10.157 8 .414 —
* Va lues  based on S tandard  Curve F ig u re  X
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T a b le  X I .  A n a ly s is  o f  V a r ia n c e .  E f f e c t  o f  Canning
on F o la te  C o nten t o f  Cowpeas
Source d.f M.S. F r2
Total 10
Canning 1 102,993•14 71.81** 0.889
Error 9 1,434.34
Effect of Time 
of Cowpeas
and Ascorbic Acid on the Folate Content
Source D.F M.S. F r2
Total 86
Time 8 24,922.91 119-96** 0.943
Ascorbic Acid 2 1,945•9 9.37**
Time x 
Ascorbic Acid 16
*■
251.87 1.21
Error 60 207.76
* *  p 0 .0 1
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T a b le  X I I .  A n a ly s is  o f  V a r ia n c e .  E f f e c t  o f  Canning
on F o la te  C o nten t o f  Okra
Source d.f. M.S. F r ^
Total 2,236.40
Canning 1,174.84 1,174.84 8.85* 0.53
Error 1,061.56 132.69
Effect of 
of Okra
Time and Ascorbic Acid on the Folate Content
Source d.f. M.S.
2
F r
Total 86
Time 8 84 .50 3.49** 0.808
Ascorbic
;
Acid 2 1 ,798.88 74 .33**
Time x 
Ascorbic Acid 16 66.68 2.75s
Error '60 24 .20
* p 0.05
*s p 0.01
mT a b le  X I I I .  A n a ly s is  o f  V a r ia n c e .  E f f e c t  o f  Canning
on F o la te  C ontent o f  Tomatoes
Source d.f. M.S . F 2r
Total 11
Canning 1 146,84 60.88s* 0.858
Error 10 2.41
Effect of Time 
of Tomatoes
and Ascorbic Acid on the Folate Content
Source d.f. M.S. F r2
Total 85
Time 8 2.15 0.57 0.1192
Ascorbic Acid 2 64.01 16.96**
Time x 
Ascorbic Acid 16
COCM-J- 1.13
Error 59 3.77
#* p 0 .0 1
1*12
T a b le  X IV ,  F o la te  C ontent o f  Peanut B u t t e r  * *
Peanut Butter* 0.5 ml 1.0 ml 2.0 ml 4 .0 ml
3 .7/1000
Abs. 0 .910,0.890 1.243,1.160 1 .690,1.680 —
Mean, S.D. 0.895,0.007 1 .201,0.058 1.685,0.007 —
Av.ng F.A./ 
tube 1.37 2.52 — —
Av.ug F.A./ 
100 g .w .w . 148.108 136.216 — —
Mean, S.D. 142.162 8.409 — —
** Jif, Creamy Peanut Butter, Procter 
Cincinnati, Ohio, 45202
and Gamble,
* Based on Standard Curve Figure III
Table XV. Folate Content of Yellow Onions
Yellow Onions* 0.5 ml 1.0 ml 2.0 ml 4.0 ml
5 .18/2000
Abs. 0 .262,0.288 0 .400,0.438 0 .585,0.685 0.932,0.95
Mean, S.D. 0.275,0.018 0.419,0.027 0.635,0.07 0.940
Av.ng F.A./ 
tube 0.14 0.34 0.74 1.48
Av.ug F.A./ 
100 g.w.w. 10.096 13.135 14.285 14.285
Mean, S.D. 12.950 1.978 — —  ,
*  Based on S tan d ard  Curve F ig u re  I I
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T a b le  X V I.  F o la te  C ontent o f  Plums
Plums *
2 .02/1000 
Abs.
Mean, S.D.
Av.ng F.A./ 
tube
A v .ug F.A./ 
100 g w.w,
0.5 ml
0.110,0.112 
0.11,0.001
1.0 ml
0.156,0.151
0.153,0.003
2.0 ml
0.195,0.188
0.191,0.005
4.0 ml
0.280,0.27 
0.277,0.00
2 . 02/500
Abs. 0.155,0.154 0.196,0.206 0.317,0.312 0.557,0.56
Mean, S.D. 0.154,0.000 0.201,0.007 0.314,0.003 0.562,0.01 
Av.ng F.A./
tube —  —  0.183 0.592
Av.ug F.A./
100 g w.w. —  —  2.265 3-663
Mean, S.D. —  2,9661 0.99
* Based on Standard Curve Figure V
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Table XVII. Folate Content of Cauliflower
Cauliflower * 0.5 ml 1. 0 ml 2.0 ml 4.0
2.02/1000
Abs . 0.535,0.537 0.875,0.855 1.183,1.286 1.392,
Mean, S.D. 0.536,0.001 0.865,0.014 1.234,0.072 1.411,
Av.ng F.A./ 
tube 0.58 0.136 3.06 —
Av.ug F.A./ 
100 g w.w. 57-426
•
67.327 75-841 —
2.02/500
Abs. 0.942,0.972 1.385,1.386 1.635,1.668 1.835,
Mean, S.D. 0.957,0.021 1.385,0.000 1.651,0.023 1.862,
A v .ng F.A./ 
tube 1.65 — —
Av.ug F.A./ 
100 g w.w. 81.980 « - — — —
Mean, S.D. 70.643 10.665
ml
1.43
0.03
1.89
0.04
* Based on Standard Curve Figure VI
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T a b le  X V I I I .  P o la te  C ontent o f  C a r ro ts
Carrots"
2.07/2000
Abs .
Mean, S.D.
Av.ng F.A./ 
tube
Av.ug F.A./ 
100 g w.w.
2.07/1000
Abs.
Mean, S.D.
Av.ng F.A./ 
tube
Av.ug F.A./ 
100g w.w.
Mean, S.D.
0.5 ml
0.122,0.144
0.133,0.015
0.135
25.217
0.180,0.257 
0 .218,0.054
0.24
23.188
24.617
1.0 ml
0.184,0.163
0.173,0.015
0.18
17-391
0.380,0.374
0.377,0.004
0.47
22.705
4.761
2.0 ml
0.414,0.340
0.377,0.052
0.47
22.705
0.724,0.765
0.744,0.029
1.21
29.227
4.0 ml
0.830,0.74
0.787,0.06
1.32
31.884
1.170,1.17
1.171,0.00
* Based on Standard Curve Figure VII
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Table XIX. Folate Content of Lemon
Lemon* 0.5 ml 1.0 ml 2.0 ml 4.0 ml
5.45/2000
Abs. 0.152,0.144 0.215,0.229 0.443,0.469 —
Mean, S.D. 0.148,0.005 0.222,0.009 0.456,0.018 —
Av.ng F.A./ 
tube 0.094 0.17 0.485 —
Av.ug F.A./ 
100 g w.w. 6.871 6.328 3.917 —
Mean, S.D. 7.372 1-365 — —
* Based on Standard Curve Figure VIII
Table XX. Folate Content of Bell Peppers
Bell Peppers* 0.5 ml 1.0 ml 2.0 ml 4.0 ml
2.12/2000
Abs. 0.062,0.070 0.096,0.106 0.179,0.211 —
Mean, S.D. 0.066,0.005 0.101,0.007 0.195,0.022 —
Av.ng F.A./ 
tube 0.05 0.14 —
Av.ug F.A./ 
100 g w.w. 4.773 6.570 —
Mean, S.D. 5.671 1.270 — —
" Based on Standard Curve Figure VIII
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T a b le  X X I .  F o la te  C ontent o f  P in e a p p le
Pineapple- 0.5 ml 1.0 ml 2.0 ml 4.0 ml
4.11/2000 -
Abs. 0.200,0.204 0.392,0.265 0. 440,'0. 488 0 .880,0.87
Mean, S.D. 0.202,0.003 0.328,0.089 0.464,0.034 0.876,0.00
Av.ng F.A./ 
tube 0.07 0.22 0.41 1.15
Av.ug F.A./ 
100 g w.w. 6.812 10.705 9.975 13.990
Mean, S.D. 10.370 2.946 — —
* Based on Standard Curve Figure IX
Table XXII. Folate Content of Banana
Banana* 0-5 ml 1 ■ 0 ml 2.0 ml
1—1E
0■=r
4.02/2000
Abs. 0.437,0.380 0.665,0.629 1.089,1.156 1.662,1.63
Mean, S.D. 0.408,0.040 0.647,0.025 1.122,0.047 1.648,0.02
Av.ng F.A./ 
tube 0.324 0.693 1.79 3.68
Av.ug F.A./ 
100 g w.w. 31.880 34.343 44.527 45.771
Mean, S.D. 39-130 7.040 — —
*  Based on S tandard  Curve F ig u re  IX
TABLE X X I I I .  F o la te  C ontent o f  Endives
*
Endives 
2 .23/2000 
Abs.
Mean, S.D.
A v .ng F.A./ 
tube
Av.ug F.A./ 
100 g w.w.
Mean, S.D.
0.5 ml
0.86*1,0.835
0.849,0.020
1.09
195.515 
200.448
1.0 ml
1.300,1.267
1.283,0.023
2.29
205.381
6.976
2. 0 ml
1.793,1.850
1.816,0.033
4.0 ml
* Based on Standard Curve Figure IX
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